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Editorial 


Angiocardiography: The Architectural Basis of Cardiac Function 
Louis A. Soloff, M.D.,* Philadelphia, Pa. 


Angiocardiography is a technique which permits one to make observations 
on some aspect of the heart’s form (size, shape, composition) and its contents at 
predetermined intervals of time. The change in form and contents at known 
intervals of time permits one to make observations on some aspect of the heart’s 
function. Form and function are complementary images evoked by two different 
questions asked of all cbservable events. Form answers the question of spatial 
relation, and function, the accomplishment under the conditions present at the 
time the observations are made. Because the heart is a complex unit composed 
of innumerable subsidiary units, each with its own form, the individual functions 
of which interact with one another in an indeterminable manner to yield a re- 
sultant function, one cannot predict the form of the heart from any one of its 
functions. Yet, form is important not only because it is the mechanism for the 
generation of function but because form itself is all important in the total cost 
of function. 

Burch! was the first to stress this relationship, and the importance of the 
size and shape of the heart was re-emphasized and its theoretical implications 
extended by Burton.? He reapplied Laplace’s theorem to the heart. In essence, 
he indicated that the pressure exerted within a cardiac chamber is the product 
of the tension or pulling force within the muscular wall times the sum of the 
reciprocals of its principal radii. From this law it follows that intracardiac pres- 
sure and cardiac flow cannot by themselves determine the tension or pulling 
force within the musculature. For any given pressure, myocardial tension tends 
to increase geometrically as size increases arithmetically. It is for this reason 
that Burch concluded that the dilated heart is at a mechanical disadvantage, 
and this is perhaps why the heart’s consumption of oxygen tends to be propor- 
tional to its volume and not to its external work.® 
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The determination of chamber shape and volume cannot therefore be over- 
emphasized. Burch‘ used Ring’s electrokymographic method,’ developed in 
the Temple University Medical School’s department of physiology, to estimate 
volume. This method is conceptually and operationally subject to large and 
unpredictable errors. It also idealizes volume without regard to shape, and 
omits the changing thickness of the muscular wall. Conceptually, the angio- 
cardiographic technique is ideal, and it has already been used to determine shape 
and estimate volume and muscular thickness. *-!° 

Unfortunately, there are many methodologic obstacles in the ideal appli- 
cation of angiocardiography which must not be overlooked, simply because they 
produce systematic and reproducible errors. Obstacles related to instrumen- 
tation are rapidly being solved. Thus, for instance, the radiation hazard has 
been diminished by the image amplifier and by ultrashort exposure, which also 
eliminates blurring due to motion. There is still need for the development of 
a more satisfactory recording film (or paper). 

As usual, the biologic obstacles are the most difficult to surmount. The 
contours of the cardiac chambers vary from one person to another, and in no 
instance fit any specific geometric shape which can be defined by a mathematical 
equation. Furthermore, the chambers interlock with one another so that in 
any single plane two or more chambers overlap. Uniplanar angiocardiography 
therefore is not only useless for volumetric determination but is frequently in- 
adequate even for localization of opacified blood. Localization is further compli- 
cated because density may vary not only with the phase of cardiac cycle but also 
within one chamber at the same time because of varying depth of contrast sub- 
stance exposed to the roentgen ray.® 

Localization is solved by simultaneous, and preferably stereoscopic, biplane 
angiocardiography. Our group prefers the anterior and lateral projections be- 
cause they are most commonly used in conventional roentgenology, positioning 
is easy and reproducible and its errors obvious, thereby giving more validity to 
linear measurements, and, finally, overlapping of chambers is minimal. With 
this technique the chambers’ principal radii are measurable. 


However, volumetric determination is not completely solved by biplane 
angiocardiography. Multiplane angiocardiography in a manner similar to Pal- 
mieri’s'' fluoroscopic method of reproducing the roentgenologic image of the 
heart as a whole is necessary for accurate determination of chamber volume. 
Nevertheless, the application of the biplane technique provides the best ap- 
proximation of chamber volume available today. 

The second biologic obstacle is the effect of the contrast substance itself. 
This substance is not physically identical with blood." For any given substance, 
the smaller the volume adequate for contrast visualization and the greater the 
distance from the heart the injection is made, the less abnormal will be the cardiac 
response. This is true also for the particulate contrast substance so eloquently 
advocated by Dotter." This latter substance, by virtue of its discreteness of 
opacification, is particularly valuable for the study of flow, and has been so used" 
to demonstrate continuous flow in the superior vena cava in contrast to the 
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phasic respiratory flow in the inferior vena cava. But again, flow must be studied 
at a distance from the site of the injection where it apparently represents flow of 
blood independent of the force of injection and the turbulence so produced. 


It is for this reason that selective angiocardiography is primarily an anatomic 
rather than a physiologic demonstration. This technique has been of inestimable 
practical value, particularly in demonstrating congenital anomalies amenable 
to surgical correction. However, its present practical value should not make 
one overlook its limitations or the importance of exploring the potentialities of 
the venous approach. The prime purpose of selective angiocardiography is to 
define more precisely and with greater clarity a malformation previously known 
or suspected to be present. It is very likely that as greater confidence develops 
in diagnosis on clinical grounds, as experience with open-heart surgery increases, 
and as techniques for venous angiocardiography improve, there will be less and 
less need for the selective technique. Most right-to-left shunts are recognizable 
by the venous technique. Teramo” has demonstrated by the venous technique 
subtle abnormal flows detectable by no other method. Left-to-right shunts are 
also occasionally so recognizable!®!7 by the reopacification of the right cardiac 
chambers. Even with a very fast circulation, so that opacification of the left 
heart occurs before opacification of the right heart has cleared, as is seen in in- 
fancy, negative defects make diagnosis of left-to-right shunts possible by the 
intravenous route.!§ This technique is certainly safer than the selective route. 

The angiocardiographic technique timed by other preferably mechanical 
parameters, and particularly pressure, gives promise of uncovering the geometric 
mechanics of the heart which Burton? regards as all important. The determi- 
nation of stroke volume, aortic velocity, total cardiac work, and duration of 
tension are all conceptually possible by this combined technique, and has already 
been partly so utilized by Chapman.!° 

The pursuit of these ideals has already led to many unanticipated by-products 
of inestimable practical and theoretical value. One can point to the numerous 
circulatory abnormalities uncovered by angiccardiography in contrast to the 
paucity of such reports in the pre-existing clinical or even pathologic literature. 
A review of angiocardiographic discoveries is beyond the scope of this editorial, 
but a few examples may emphasize the inadequacy of interpretation based purely 
on functional findings. 

Angiocardiography has demonstrated that pericardial involvement is fre- 
quent in many systemic diseases. Pericardial effusion at times forms a significant 
fraction of the cardiac silhouette in congestive failure.!® Pressure and flow alone 
can neither predict the presence nor evaluate the significance of this factor. 

Increased pulsations of the left lower pole of the heart in left ventricular 
enlargement due to hypertension or other causes is difficult to explain on the 
basis of a normal or subnormal cardiac output. In such instances, angiocardi- 
ography has clearly demonstrated enlargement of the left atrium comparable 
to that seen in mitral valvular disease. Mitral regurgitation masking part of 
the cardiac output could explain these findings; and this possibility should be 
explored. It has already been demonstrated that esophageal displacement is 
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a poor criterion of left atrial volume, particularly so when cardiac enlargement 
is present.2° Tricuspid regurgitation is suggested by enlargement of the superior 


vena cava not otherwise explained. 

For technical reasons, our group studies pressure flow and volume in im- 
mediate succession rather than simultaneously. Pressure and flow are measured 
under basal conditions. Volume and flow (as determined by opacification of 
blood) are measured under conditions imposed by venous angiocardiography. 
Fortunately, this state makes little difference so far as volume is concerned. 
Little, if any, abnormal course of flow is produced by this technique. The ve- 
locity of flow, however, is certainly different from that present in the basal state. 
Such flow studies are also not quantitative (although density is used as a rough 
index of quantity). The error, however, is systematic and reproducible, as indi- 
cated by identical findings from year to year on patients with static cardiac 
disability. Such studies are valuable in uncovering hidden fallacies in the in- 
terpretation of cardiac output by demonstrating abnormal course of blood not 
otherwise detectable. 

By an analysis of these three factors it becomes clear that the concept that 
rheumatic heart disease with mitral stenosis is simply stenosis of the mitral valve 
is aS gross an exaggeration as the preceding prevailing concept that stenosis of 
the mitral valve is of little significance in rheumatic heart disease with mitral 
stenosis. A similar type of analysis is applicable to other complex cardiac lesions. 
In addition, the relation of muscular thickness to diastolic capacity is of particular 
importance in the evaluation of left ventricular performance. 

These remarks are intended to emphasize the fact that without a knowledge 
of the heart’s architecture, one cannot know what the heart has to do to perform 


any specific task. 
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Clinical Communications 


The Use of Amyl Nitrite in the Differentiation of Fallot’s Tetralogy and 
Pulmonary Stenosis With Intact Ventricular Septum 


L. Vogelpoel, M.B., M.R.C.P., V. Schrire, M.B., Ph.D., M.R.C.P., M. Nellen, 
M.D., M.R.C.P., and A. Swanepoel, M.B., M.R.C.P., Cape Town, South Africa 


In previous communications concerning the differentiation of Fallot’s tetral- 
ogy from severe pulmonary stenosis with intact ventricular septum and right- 
to-left interatrial shunt, attention was drawn to the striking difference in the 
duration of the systolic murmur.' In the tetralogy the murmur usually reaches 
a crescendo near mid-systole and ends either before or at the loud aortic second 
sound, which it does not obscure. In severe pulmonary stenosis with intact 
ventricular septum the murmur is much more prolonged, reaching a crescendo 
late in systole and extending well beyond the aortic second sound, which it often 
completely obscures. The murmur ends before a very soft pulmonary second 
sound which is very widely separated from the aortic component. This dif- 
ference in behavior of the murmurs can be appreciated at the bedside and the 
diagnosis usually settled by auscultation. 

In a subsequent publication® it was shown that the length of the systolic 
murmur closely reflects the severity of the stenosis. However, the murmur 
behaves in opposite fashion in the two conditions with increasingly severe ste- 
nosis. Thus, in pulmonary stenosis with intact ventricular septum the more 
severe the stenosis the longer and later the murmur. In Fallot’s tetralogy the 
more severe the stenosis the shorter and earlier the murmur. A successful valvot- 
omy or infundibular resection has an opposite effect on the murmur, shortening 
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it in the former and lengthening it in the latter condition, so that accurate pre- 
diction of the operative result can be made from auscultation. These striking 
differences were shown to be due to the different dynamic situation in the two 
conditions. 

Occasionally, however, it is difficult to distinguish between mild Fallot’s 
tetralogy (cases often acyanotic at rest) and moderately severe pulmonary or 
infundibular stenosis with intact ventricular septum. In both conditions long 
systolic murmurs are found extending into the aortic second sound but not ob- 
scuring it. In both, wide splitting of the second sound with a delayed soft pul- 
monary component occurs.* Moreover, the similar clinical, electrocardiographic, 
and radiologic features, as well as the similar right ventricular and systemic 
systolic pressures found during cardiac catheterization, add to the diagnostic 
difficulties. Accurate diagnosis is essential in planning the surgical procedure. 

The purpose of this paper is to show that inhalation of amyl nitrite induces 
an opposite effect on the length and loudness of the systolic murmur in the two 
conditions, and that this is dependent on the striking difference induced on the 
right ventricular pressure by this drug. This harmless procedure may be used 
either at the bedside or during cardiac catheterization, and is of great value in 
establishing the diagnosis, particularly when the auscultatory and manometric 
findings of the two conditions overlap. Furthermore, it is of value in differenti- 
ating other acyanotic congenital cardiac conditions associated with a pansystolic 
parasternal murmur which occasionally closely simulate pulmonary or infundib- 
ular stenosis with intact ventricular septum." Its use in differentiating aortic 
ejection from mitral regurgitant systolic murmurs has been shown by Barlow 


and Shillingford.” 


MATERIAL AND METHODS 


There were 22 cases of Fallot’s tetralogy, 12 cases of pulmonary stenosis with intact ven- 
tricular septum, and 3 cases of infundibular stenosis with intact ventricular septum. The diag- 
nosis was proved in all cases by cardiac catheterization, selective angiocardiography from the 
right ventricle, surgery, or necropsy, on the basis of criteria previously described.'? Further- 
more, the cases studied represented varying degrees of severity in each condition. No case was 
accepted if any doubt remained as to whether or not the ventricular septum was intact. 

The effects of amyl nitrite on the systemic and right ventricular pressures were studied during 
cardiac catheterization in 10 cases of tetralogy, 8 cases of pulmonary stenosis with intact ventric- 
ular septum, and 2 cases of infundibular stenosis with intact ventricular septum. At the end of 
a routine diagnostic cardiac catheterization a control recording was made of the right ventricular 
and systemic pressures (brachial or femoral artery), together with a high-frequency phonocardio- 
graphic (PCG) tracing using the N.E.P. multichannel recording apparatus. Immediately con- 
secutive right ventricular and systemic pressures were recorded through a two-way tap attached 
to the manometer head.'? The PCG was recorded at the same attenuations throughout, and fre- 
quent recordings at fast paper speed (75 mm. per second) were made during held expiration 
throughout the study. Between the fast strips the recordings were made at slow paper speed 
(2.5 or 8 mm. per second). The patient was encouraged to take deep inhalations of amyl nitrite 
for approximately 15 seconds. The changes in the systemic and right ventricular pressures were 
monitored on an oscilloscope and recorded continuously at slow speed, interspersed with frequent 
short recordings at fast speed. Samples of blood were taken from the right ventricle and systemic 
artery before inhalation of amyl nitrite, and on several occasions during the peak action of the 
drug. This was of secondary importance in this study, inasmuch as the main purpose was to 
obtain pressure recordings and PCG tracings during the brief period of action by amyl nitrite. 
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After the pressures and pulse rate had returned to a constant level (usually by 4 minutes), the 
inhalation of amyl nitrite was repeated, the main object being to produce a significant drop in 
the systemic pressure. If the patient cooperated well, the tests were soon over, but in small in- 
fants and uncooperative patients several attempts were often required. If the patient strained, 
a Valsalva effect was produced, causing misleading results. During general anesthesia the effect 
of amyl nitrite is less marked, presumably because of vasodilatation induced by the anesthetic. 

A parallel study was also made on outpatients attending the Cardiac Clinic, who were de- 
liberately selected to show the effect of amyl nitrite on cases of different severity. A control 
PCG tracing was recorded with one microphone at the site of maximum intensity of the murmur 
and one at a suitable site (usually at the fourth left intercostal space) to record the aortic second 
sound, together with an ECG lead. Ten deep inhalations of amyl nitrite usually produced the 
desired brisk fall in blood pressure, flush, and tachycardia. Phonocardiograms were recorded 
continuously during and after the inhalation, and frequent fast tracings (75 mm. per second) 
were made during held expiration throughout the study. Recordings with constant amplification 
were made during held expiration in order to assess accurately any change in the intensity of the 
murmur and heart sounds. 

The duration of the inhalation was noted and a signal registered at intervals of 7.5 seconds 
after withdrawal of the ampule. Blood pressure readings (cuff method) were taken at very fre- 
quent intervals by one of us, while the other observed the changes in the murmur through the 
audiophone. Recordings were continued until the murmur had returned to its initial intensity 
and length, which usually required 3 to 4 minutes. The study was usually repeated at least once. 


RESULTS 


Fallot’s Tetralogy.— 

Effect on the systemic and right ventricular pressures: The effect of inhaled 
amyl nitrite on systemic and right ventricular pressures was studied in 10 cases 
of the tetralogy and is shown in Table I. In each case, during the first 15 to 
30 seconds, there was a fall in both the systemic and right ventricular systolic 
pressures (Fig. 1). The fal! in the systemic systolic pressure (average, 19 mm. Hg) 
was always slightly greater than the fall in right ventricular systolic pressure 
(average, 15 mm. Hg). In no case did the right ventricular systolic pressure 
rise during nor immediately after the maximal effect of the drug, provided the 
subject was not straining or crying. There were usually marked tachycardia 
and increased cyanosis immediately after inhalation. As the effect of the drug 
wore off, the systemic and right ventricular pressures gradually rose, while the 
tachycardia and cyanosis diminished, and the resting state was usually reached 
within 4 minutes. 

During the inhalation, ear oximetry showed a sharp fall in the systemic 
arterial oxygen saturation, indicating an increase in right-to-left shunt (Fig. 1). 
As the effect wore off, so the arterial oxygen saturation gradually rose to the 
initial level. Ear oximetry was most useful in detecting slight transient cya- 
nosis in mild cases in which there was acyanosis at rest. 

Effect on the systolic murmur and heart sounds: During the first 30 seconds 
after the inhalation of amyl nitrite the pulmonary systolic murmur diminished 
in length and intensity in every case. This could be readily appreciated by the 
ear despite the marked tachycardia during the maximal effect of amyl nitrite. 
Thereafter, as the effect wore off, the systolic murmur increased in length and 
intensity and returned to its original state in about 3 minutes. The clinical 
observations were confirmed in each case by the PCG tracing, which also showed 
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that the first sound became loud, because of tachycardia, and the aortic second 
sound soft, because of the fall in systemic diastolic pressure. <A similar effect 
was noticed in all cases of tetralogy, whether extreme (1 case), severe (4 cases), 
moderate (5 cases), or mild (12 cases) (Figs. 4 and 5). The method of grading 
severity was based on criteria described elsewhere.* In the extreme case the 
murmur disappeared completely during the peak action of amyl nitrite, and a 
similar effect was recorded in 2 of the 4 severe cases studied. In one of these 
cases the initial short early systolic murmur buried an aortic ejection sound. 


BA- 92/60 RVs BA BA 8A —76/50 


75/8 


| | MIN. AFTER 
BEFORE | INHALING AMYL NITRITE 


Fig. 1.—Severe tetralogy. Effect of amyl nitrite on immediately consecutive right ventricular 
(RV) and brachial artery (BA) pressures and arterial oxygen saturation. One minute after inhalation 
the BA and RV pressures dropped from 92/60 and 100/5 to 76/50 and 75/5 mm. Hg, respectively, and 
arterial oxygen saturation dropped from 48 to 26 per cent. The pulmonary systolic murmur temporarily 
disappeared, reflecting marked reduction in pulmonary blood flow. 


However, when the murmur became much softer and earlier during the effect 
of amyl nitrite, the aortic ejection sound was clearly shown (Fig. 4). In the 5 
moderately severe cases there was marked softening and shortening of the dura- 
tion of the murmur during the peak action of the vapor. In one case sinus brady- 
cardia persisted throughout, showing that in the tetralogy the shortening of the 
murmur is due to factors other than the sinus tachycardia induced by amyl 
nitrite. 

In all 12 mild cases the systolic murmur was loud and long, extending into 
the aortic second sound but never completely obscuring it (Fig. 5). In 9 of these 
cases a soft pulmonary component could be recorded, causing wide splitting of 
the second sound (average, 0.08 second). The graphic appearance of the murmur 
in relation to the aortic second sound and the width of splitting was indistinguish- 
able from that of moderately severe pulmonary stenosis with intact ventricular 
septum, wherein the right ventricular systolic pressure is between 60 and 120 
mm. Hg.* The murmur was never as prolonged, even in the mildest tetralogy, 
as in severe pulmonary stenosis with intact ventricular septum.’ In all these 
mild cases (including one case that had been converted from an extreme tetralogy 
into a mild acyanotic tetralogy by a successful valvotomy) the murmur became 
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much reduced in intensity, and shortened considerably. No case was encountered 
with a completely negative result, although the shortening of the systolic murmur 
was much more marked in some mild cases than in others. This must be related 
to the degree of cooperation of the patient, the lability of the vascular responses, 
and, possibly, the size of the ventricular septal defect. 

In all 9 cases of mild tetralogy with a recordable pulmonary sound this 
sound disappeared during the maximal effect of amyl nitrite, and returned there- 
after (Fig. 5). In one of these cases an incompetent pulmonary murmur followed 
the delayed sound and both disappeared during the maximal effect of amyl ni- 
trite. These observations support the conjecture that pulmonary blood flow 
diminishes and pulmonary arterial pressure drops in association with the known 
drop in right ventricular systolic pressure. In fact, a drop in pulmonary arterial 
pressure during inhalation of amyl nitrite in cases of the tetralogy has been re- 
ported by Wood.® 


| BEFORE . INHALING AMYL NITRITE P AFTER j 


Fig. 2.—Severe pulmonary stenosis with intact ventricular septum. Effect of amyl] nitrite on im- 
mediately consecutive femoral arterial (FA) and right ventricular (RV) pressures. Before amy] nitrite 
the FA and RV pressures were 200/120 and 142/0 mm. Hg, respectively. Cardiac rate was 68/min. 
During the 30 seconds of inhalation, FA pressure fell rapidly to 100/72 mm. Hz. while RV pressure rose 
steeply with each successive systole to reach a level exceeding 200 mm. Hg, tiie cardiac rate increasing 
to 100/min. After cessation of inhalation, FA pressure rose, reaching 175/135 after 30 seconds, 200/145 
after 1 minute, and 195/146 mm. Hg after 2 minutes, while cardiac rate slowed to 78/min. RV pres- 
sure, however, remained much elevated throughout the 2 minutes, and although commencing to fall 
after 1 minute, it was still high (160/5 mm. Hg) at 2 minutes. 


In a few cases, loud third and atrial sounds emerged for a short while and 
then quickly disappeared, even though the murmur remained short. The ap- 
pearance of these sounds suggested rapid flow of blood into and through the 
right ventricle during the early phases of action of the drug. 


Pulmonary and Infundibular Stenosis With Intact Ventricular’ Septum.— 


Effect on the systemic and right ventricular pressures: The effect of inhaled 
amyl nitrite on the systemic and right ventricular pressures was studied in 8 
cases of pulmonary valvular stenosis and 2 cases of infundibular stenosis, the 
cases being selected to cover a wide range of severity. There were 3 mild cases 
(right ventricular systolic pressure [RVP] under 60 mm. Hg), 3 moderately 
severe cases (RVP, 60 to 120 mm. Hg), one of whom had infundibular stenosis, 
and 4 severe cases (RVP, 120 to-180 mm. Hg), one of whom had infundibular 
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stenosis. The results are shown in Table I and indicate that whether the stenosis 
(valvular or infundibular) was mild, moderate, or severe the effect of amyl ni- 
trite on the pressures was the same. In each case, during the first 15 seconds 
of inhalation of amyl nitrite, there was a quick fall in the systemic pressure and 
pulse pressure associated with a marked tachycardia. Within 10 seconds the 
pressure in the right ventricle began to rise rapidly with each successive beat 
(Fig. 2). After 20 or 30 seconds the systemic pressure was usually very low and 
the right ventricular pressure very high (Figs. 2 and 3). When the inhalation 
of amyl nitrite was stopped, the systemic pressure returned gradually to the 
basal level, but the right ventricular systolic pressure continued to rise and took 
much longer to return to normal than the systemic pressure (Fig. 3). 


60 
INHALI AMYL_NITRIT 


RV RV 16/10 | Rv 185/10 Rv 1060/0 
FA 120/72 FA 63/42 Fa 125/80 FA 140/92 


RaTE sam 130/ MN 18S / MIN 160 /MIN / MIN 


Fig. 3.—Severe pulmonary stenosis with intact ventricular septum. Before amyl nitrite the im- 
mediately consecutive RV and FA systolic pressures were almost equal, simulating Fallot’'s tetralogy. 
The systolic murmur at the pulmonary area (PA) was very prolonged, obscuring the aortic component, 
but ending before the very much delayed soft pulmonary component (2,P). After inhalation, the marked 
drop in systemic pressure followed by marked rise in RV pressure proved that the ventricular septum 
was intact. Note the much quicker return to normal of FA than RV pressure. The FA pressure reached 
resting level in 1 minute, after which there was an overshoot. The highest RV pressure was reached at 
70 seconds, and even at 4 minutes it still exceeded the resting level. The systolic murmur increased 
in intensity with the rise in RV pressure, being loudest at 70 seconds and still increased at 4 minutes. 
The pulmonary component persisted throughout. Oxygen saturation of the RV blood rose from 62 
to 71 per cent during the peak effect, while systemic oxygen saturation remained unchanged at 91 per 
cent. 


Thus, the peak rise in right ventricular pressure usually occurred well after 
the peak fall in systemic pressure. In several cases the systemic pressure sub- 
sequently rose well above the basal level, with an increased pulse pressure, sug- 
gesting an overshoot phenomenon (Fig. 3). By 4 minutes the right ventricular 
pressure usually had returned to the initial level. The average fall in systemic 
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systolic pressure was 50 mm. Hg, while the average rise in the right ventricular 
pressure was 58 mm. Hg. These changes in pressure were therefore much more 
dramatic than those seen in the tetralogy. However, the most important diag- 
nostic feature was the marked rise in right ventricular pressure, as opposed to 
its fall in the tetralogy. The divergent behavior of the pressures following in- 
halation of amyl nitrite readily distinguished those cases of pulmonary stenosis 
with intact ventricular septum in which equal systemic and right ventricular 
systolic pressures simulated the tetralogy (Fig. 3). Conversely, the response 
to amyl nitrite should also identify cases of tetralogy with discrepant right ven- 
tricular and systemic systolic pressures simulating stenosis with intact ventricular 
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18 SEC 20 SEC “90 sac 
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Fig. 4.—Severe tetralogy. Before amy] nitrite there was a soft systolic murmur which had an early 
crescendo and ended just before the very loud aortic second sound (2). Eighteen seconds after inhala- 
tion the murmur disappeared, exposing an aortic ejection sound (X). Two seconds later the ejection 
sound either disappeared or became much closer to the first heart sound. Gross diminution in intensity 
of the aortic second sound reflected the marked fall in systemic diastolic pressure. After 90 seconds, 
with the rise in blood pressure (and presumably in RV pressure), both murmur and ejection sound 
reappeared, and by 24 minutes the murmur had returned to the resting state. Each vertical line meas- 
ures 0.04 sec. in this and subsequent phonocardiograms. 


In cases without a right-to-left interatrial shunt there was no fall in systemic 
oxygen saturation, but this might be anticipated in cases with an atrial septal 
defect. Data on the change in oxygen saturation in the right ventricle were 
i not adequate, and, in the main, were disappointing. A rise in oxygen saturation 
i of the blood returning to the right heart would be anticipated following the 
: sudden release of peripheral resistance. Those samples of blood taken during 
f the peak action of amyl nitrite all showed a slight rise in oxygen saturation 
(Table I and Fig. 3). However, the technique used was too crude to detect 
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small evanescent changes in oxygen saturation. Moreover, this study was 
designed mainly to determine changes in pressure, which meant that sufficient 
samples could not be taken for oxygenestimation at the height of the circulatory 
changes. A catheter with double lumen was used on only one occasion, and by 
this means pressure and oxygen saturation data could be obtained simultaneously. 
This aspect is being investigated further. 


BP :105/ 80 / 95/ 105 / 
RATE 108/MIN- 130 /MIN 120 /MIN 


_ BEFORE _AFTER | INHALING AMYL NITRITE. 


Fig. 5.—Mild (acyanotic) tetralogy. Before amyl nitrite the loud prolonged systolic murmur 
filled systole but did not obscure the aortic component (2,A). A very soft and delayed pulmonary 
component (2,P) was recorded 0.07 sec. after the aortic sound. These findings were indistinguishable 
from those of moderately severe pulmonary or infundibular stenosis. However, the marked temporary 
reduction in the intensity of the murmur with the disappearance of the pulmonary component follo wing 
amyl nitrite proved Fallot's tetralogy. Compare with Fig. 6. 


Effect on the systolic murmur and heart sounds: The effect of inhaled amyl 
nitrite on the auscultatory and PCG findings was studied in 5 mild cases, 6 mod- 
erately severe cases, 2 of whom had infundibular stenosis, and 4 severe cases, 
one of whom had infundibular stenosis. The changes induced during and after 
the inhalation were similar in all cases studied and quite different from those 
found in Fallot’s tetralogy (compare Figs. 3 and 6 with Figs. 4 and 5). During 
the inhalation, while the systemic pressure was falling, the systolic murmur 
became much louder. This indicates that the reduced systemic pressure is ac- 
companied by an increase in pulmonary flow unlike the response found in the 
tetralogy. During the period after inhalation, while the pulse rate was slowing, 
the murmur became even louder and more prolonged, reflecting the continued 
rise in right ventricular pressure, but usually after 4 minutes it had returned to 
its original intensity and duration. 

The increase in loudness was invariably confirmed by the PCG tracing, 


| 


onion 6 DIAGNOSTIC VALUE OF AMYL NITRITE TEST 813 
and the crescendo often appeared a little later in systole, suggesting prolongation 
of right ventricular systole in relation to left ventricular systole. Left ventricular 
systole might shorten while right ventricular systole lengthens during the peak 
action of the drug. This should result in a systolic murmur of increased duration 
in relation to the aortic second sound and a greater width of splitting.* However, 
it was difficult to compare the width of splitting before and during inhalation 
of amyl nitrite because of the marked difference in heart rate. The fact that 
the width of splitting, when measurable, remained virtually unchanged during 
the severe tachycardia must mean that there was either prolongation of right 
ventricular systole or shortening of left ventricular systole, or both (Figs. 3 and 6). 


100/70 70 | 


3 ke 
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1S SEC 45, SEC 3% MIN 
BEFORE AFTER INHALING AMYL NITRITE 
Fig. 6.— Moderately severe pulmonary stenosis with intact ventricular septum. The crescendo and 
duration of the murmur and wide splitting of the second sound could not be distinguished from those in 


mild acyanotic Fallot’s tetralogy. However, the gross increase in loudness of the murmur with persis- 
tence of the pulmonary component (P) after amy] nitrite proved that the ventricular septum was intact. 


The pulmonary component never disappeared, as occurred in all cases of mild 
tetralogy showing a recordable pulmonary component (compare Figs. 3 and 6 
with Fig. 5). This suggests that the pulmonary blood flow and pressure were 
well maintained and probably moderately increased by the high right ventricular 
pressure. The fact that the pulmonary component never greatly increased in 
loudness may indicate that the pulmonary arterial pressure never rose much, 
despite the marked rise in right ventricular pressure. The effect of amyl nitrite 
on the pulmonary arterial pressure was measured in only one case. The pressure 
rose from 15/5 to 23/10 mm. Hg, remaining at this level for a minute after ces- 
sation of the inhalation. The RVP rose from 72/0 to 115/0 mm. Hg during a 
separate inhalation. The pulmonary component remained unchanged through- 
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out the synchronously recorded PCG tracing, while the murmur became greatly 
increased in intensity as well as prolonged in relation to the aortic second sound. 

An atrial sound emerged in the occasional case during the inhalation but 
quickly disappeared as the cardiac rate slowed down. 


COMMENT 


The strikingly different response of the right ventricular pressure to over- 
filling with blood following the inhalation of amyl nitrite forms the basis of the 
different behavior of the systolic murmur in the two conditions. Amyl nitrite 
presumably acts by suddenly releasing the systemic peripheral resistance, re- 
sulting in a pronounced fall in systemic pressure and a marked tachycardia with 
an increased cardiac output. This must be associated with a sudden and marked 
increase in the venous return to the right side of the heart analogous to the tidal 
wave that follows the sudden opening of flood gates (Fig. 7). 

In pulmonary or infundibular stenosis with intact ventricular septum the 
ventricle can discharge its contents only through the stenosed outlet, so that 
any increase in venous filling must be expelled by an appropriate increase in 
systolic pressure. The very steep rise in this pressure with each successive systole 
(Fig. 2), and the continued rise after the systemic pressure has returned to normal 
(Fig. 3), must imply a rapidly increasing venous return and indirectly reflect 
the profound extent to which amyl nitrite is capable of releasing the systemic 
resistance. 

Similar changes in pressure occurred whether the stenosis was mild or severe, 
and the rise in the right ventricular pressure was invariably associated with a 
striking increase in the intensity of the systolic murmur, reflecting the marked 
increase in the speed and volume of blood ejected through the stenosis. The 
increase in the intensity of the murmur was always easy to appreciate on ausculta- 
tion, thus permitting a confident diagnosis at the bedside. 

In Fallot’s tetralogy the dynamic situation is completely altered by the pres- 
ence of a large ventricular septal defect, which offers to the right ventricle an 
escape route of much less resistance than its stenosed outflow tract, and hence 
the right ventricular pressure cannot significantly exceed the systemic pressure. 
Thus, the right ventricular pressure is determined not by the severity of the 
stenosis, as in the case of stenosis with an intact ventricular septum, but by the 
systemic resistance.* Pulmonary blood flow is therefore dependent on two main 
main factors, namely, the systemic resistance and the severity of the stenosis. 
For a constant systemic resistance, pulmonary blood flow is inversely proportional 
to the severity of the stenosis, as shown by the inverse relation between the length 
and loudness of the murmur and the severity of the stenosis, in contrast to the 
direct relation found in cases with an intact ventricular septum.'* Conversely, 


*This argument holds for the majority of cases of tetralogy in which the ventricular septal defect 
is large. It is appreciated that in the rare case of an exceptionally small septal defect,*'’ or a large de- 
fect rendered functionally small by a tricuspid or endocardial flap valve,’®:'® the severity of the stenosis 
becomes the determining factor in the level of the right ventricular pressure. In fact, the smaller the 
defect the more closely will the behavior of the right ventricular pressure and murmur before and after 
amy! nitrite simulate stenosis with an intact ventricular septum. 
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for a given degree of stenosis, pulmonary blood flow and, hence, the length and 
loudness of the murmur will be influenced by the systemic resistance. If the 
systemic resistance is high, the right ventricular systolic pressure rises, resulting 
in increased pulmonary flow, as shown by the favorable effect of systemic hyper- 
tension'® and coarctation of the aorta! on the tetralogy. If systemic resistance 
falls, the right ventricular pressure should likewise fall, resulting in decreased 


TABLE II. THE DIFFERENTIAL DIAGNOSIS BETWEEN MILD FALLOT’s TETRALOGY AND MODERATELY 
SEVERE PULMONARY OR INFUNDIBULAR STENOSIS 


PULMONARY OR INFUNDIBULAR 
STENOSIS (MODERATELY SEVERE) 


MILD OR ACYANOTIC TETRALOGY 


Symptoms | Nil or mild dyspnea (squatting | Usually none 
usually absent) 
Cyanosis (ear oximetry) | May be absent at rest; brought | Absent . 
| out by effort, or amyl nitrite ; 
Hemoglobin | Normal or slightly elevated | Normal 
Clubbing | Absent or slight | Absent h 
“A” Wave | Normal | Often normal; may be dominant 
Heart Size | Normal Normal 
RV Lift | Slight | Slight to moderate ; 
Systolic Murmur | 
Before | Loud; fills systole; Az not Loud; fills systole; Az partially 
| obscured | obscured 
After amyl nitrite | Softer and shorter Louder and longer 
Heart Sounds 
Before Usually single; soft P2 may be P, soft in PA; split always wide 
heard in PA; split always wide (average, 0.08 sec.) H 
(average, 0.09 sec.) j 


After amyl nitrite Loud first; A» softer; P» | Loud first; Ae softer or hidden; § 
disappears | remains 

ECG | RV hypertrophy (moderate) | RV hypertrophy (moderate) ; 
Lung fields normal or slightly | Lung fields normal or slightly ; 

|  oligemic oligemic 


stenosis, but absent if infun- 


Right aorta helpful dibular stenosis 


X-Ray Shape: sabot or normal | Poststenotic dilatation if valvular 
| 
Cardiac Catheterization | 
| 


Before | Pulmonary or infundibular Pulmonary or infundibular 
| stenosis stenosis 
| Systemic systolic = RV systolic | Systemic systolic = RV systolic 
After amyl nitrite Systemic and RV fall | Systemic falls ++; RV rises ++ 
Other Methods 
Aorta entered from RV | Conclusive if succeeds Excludes 
Selective angiocardiog- | Aorta filled Aorta not filled 


raphy from RV 
Dye Dilution | Aorta filled from RV No filling of aorta from RV 
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pulmonary flow with shortening and softening of the murmur. Amyl nitrite 
was thus chosen as an agent which would selectively reduce the systemic re- 
sistance while subjecting the right ventricle to increased work. By such a circu- 
latory manipulation the presence or absence of a ventricular septal defect can 
be readily detected. 

The striking feature in the tetralogy was the fact that the right ventricular 
pressure fell despite the greatly increased venous return following the inhalation 
of amyl nitrite. This must imply the presence of a large ventricular septal defect 
capable of offering an effective escape route and permitting the right ventricular 
pressure to fall in response to the lowered systemic resistance (Fig. 8). It might 
be anticipated that cases of tetralogy with relatively small ventricular septal 
defects should show no fall, or even a rise in right ventricular pressure. So far 
no such case has been encountered. In the tetralogy the fall in systemic pressure 
was not so marked or so prolonged as in pulmonary stenosis with intact ven- 
tricular septum. This is attributed to the quicker adjustment of systemic arterial 
and venous blood volumes that must occur when there is a wide communication 
in the heart (Figs. 1 and 8). The increased venoarterial shunt during inhalation 
of amyl nitrite resulted in increased cyanosis, which was confirmed by oximetry. 
The fall in systemic resistance and, hence, in right ventricular pressure must 
reduce the gradient across the stenosis and result in a fall-off in pulmonary flow. 
In addition, pulmonary flow will also be handicapped by greater stroke volume 
lost down the aorta because of the fall in systemic diastolic pressure. This may 
account for the fact that marked shortening and softening of the systolic murmur 
sometimes occurred despite little fall in systemic systolic pressure. 

It is believed that the transient reduction in blood flow through the stenosed 
outflow tract accounts for the reduction in the intensity and duration of the 
systolic murmur during the inhalation of amyl nitrite in all cases of tetralogy, 
whether extreme or mild (Figs. 4 and 5). In mild cases with the murmur loud 
at the aortic sound the murmur shortens so considerably that it ends before the 
sound, or obscures much less of it (Fig. 5). In severe cases the murmur shortens 
even more and not infrequently disappears, sometimes leaving only an aortic 
ejection sound'-*:"!. in its place (Fig. 4). The temporary disappearance of the 
pulmonary second sound in those mild cases in which it was recorded (Fig. 5) 
reflects the fall in pulmonary diastolic pressure that must accompany reduced 
pulmonary flow. As the systemic resistance rises with the wearing off of the 
effect of amyl nitrite, so the improving pressure gradient and pulmonary flow 
are revealed by a gradual increase in length and loudness of the murmur. 

The chief application of these observations is in the diagnosis of mild or 
acyanotic cases of tetralogy from moderately severe cases of pulmonary stenosis. 
Both present many similar features (Table II). Thus, common to both are good 
effort tolerance, absence of squatting, absence of cyanosis at rest, a loud systolic 
murmur extending into the aortic component but not obscuring it and wide 
splitting of the second sound with a soft, delayed pulmonary component, right 
ventricular hypertrophy on electrocardiogram, similar radiologic appearances, 
and, at cardiac catheterization, similar systemic and right ventricular systolic 
pressures. Points favoring a mild tetralogy may be slight cyanosis during effort, 
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which if not visible is usually readily revealed by ear oximetry, and a mild poly- 
cythemia associated with minimal clubbing. Cyanosis due to a right-to-left 
interatrial shunt usually occurs only in severe cases of pulmonary stenosis in 
which the murmur is so prolonged as to render the diagnosis reasonably straight- 
forward.' The diagnosis appears to depend on the awareness that cases of acya- 
notic tetralogy of Fallot may masquerade as pulmonary stenosis, and hitherto 
has often required specialized techniques such as selective angiocardiography 
from the right ventricle, a good prograde angiocardiogram, and selective dye 
dilution curves to show filling of the aorta from the right ventricle.2 However, 
the use of amyl nitrite can quickly settle the problem either at the bedside or 
in the laboratory. The test can be repeated without harm to the patient, and 
phonocardiographic confirmation is useful but not essential. During cardiac 
catheterization the amyl nitrite test has proved more satisfactory and convenient 
than the exercise test which we used to employ whenever similar systolic pres- 


sures were encountered. 


SUMMARY 


The effect of the inhalation of amyl nitrite on the systemic and right ven- 
tricular pressures and on the systolic murmur and heart sounds has been studied 
in pulmonary stenosis with intact ventricular septum and Fallot’s tetralogy. 


In pulmonary or infundibular stenosis with intact ventricular septum the 
inhalation of amyl nitrite results in a pronounced fall in systemic pressure and 
a marked rise in right ventricular pressure. The increased right ventricular 
pressure results in a striking increase in the loudness of the systolic murmur. 
After cessation of the inhalation, pressures and murmur gradually return to 
their original state in about 4 minutes. 

In Fallot’s tetralogy the inhalation of amyl nitrite results in a moderate 
fall in both the systemic and right ventricular systolic pressures, with an increase 
in right-to-left shunt. The reduced right ventricular pressure results in a dimi- 
nution in pulmonary flow, which is reflected by a decrease in the intensity and 
duration of the systolic murmur. As the effect of the vapor wears off, the pres- 
sures, murmur, and cyanosis return to the basal level, usually within 3 to 4 
minutes. 

The reasons for these striking differences are discussed fully. The effect 
was similar whether the case of pulmonary stenosis or Fallot’s tetralogy was 
mild, moderate, or severe. 

The amyl nitrite test is of value in settling the difficult and important diag- 
nosis of mild (acyanotic) Fallot’s tetralogy and moderately severe pulmonary 
or infundibular stenosis with intact ventricular septum, in cases in which the 
clinical, electrocardiographic, radiologic, and catheter findings may be identical. 
The different behavior of the systolic murmur at the bedside and of the pressures 
during cardiac catheterization readily distinguishes the two conditions. 
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The Mean Ventricular Axis in Congenital Heart Disease: A Study Con- 


sidering the Natural Incidence of the Malformations 


Jorge Martins de Oliveira, M.D.,* Rodolfo Carballo, M.D.,* Elias S. Imperial 
M.D.,* Jodo Tranchesi, M.D.,** and Henry A. Zimmerman, M.D.*** 


Cleveland, Ohio 


Recently, Sodi-Pallares and collaborators! have stressed the importance of 
the mean manifest electrical axis of the ventricular activation process (AQRS) 
in the differential diagnosis of congenital heart diseases. They divided the 
frontal plane into 6 parts, according to Bayley’s triaxial system, thus analyzing 
the distribution of 16 congenital malformations from 60 to 60 degrees. 

The importance of such a study is beyond any discussion, and the value 
of the determination of AQRS in the diagnosis of congenital heart diseases has 
been extensively proved by our daily experience. However, it called our atten- 
tion to the fact that the incidence of the lesions observed in their series does 
not correspond to the approximate “natural incidence’’t of the different types 
of malformations in the whole group of congenital heart diseases. For instance, 
they found a high incidence of tetralogy of Fallot and tricuspid atresia as compared 
to a relatively low incidence of ventricular septal defect and pure pulmonic 
stenosis. Thus, we feel that the results obtained by Sodi-Pallares and co-workers 
are biased, since their study was based only on cases in which electrocardiograms 
were available. 

In order to appreciate the results that would be obtained if the approximate 
natural incidence was considered, we performed a careful analysis of the findings 
in the paper referred to above, and carried out a study of our own on the dis- 
tribution of the mean ventricular axis in patients with congenital cardiac anom- 
alies. 
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+We call ‘‘natural incidence”’ that which could be obtained from the statistical studies of different 


authors, based on confirmed anatomic diagnosis (by surgery or autopsy). 
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vps? MEAN VENTRICULAR AXIS IN CONGENITAL HEART DISEASE 


MATERIAL AND METHODS 


The electrocardiograms of 877 patients with congenital heart disease were analyzed. The 
types of malformations selected were the same as those studied by Sodi-Pallares and associates 
(Table I). The majority of the cases were from the files of the Cardiovascular Laboratories of 
St. Vincent Charity Hospital and Cleveland Clinic. A few of the tracings were reviewed from 
the medical literature.?-*° 


TABLE I. NUMBER OF CASES IN OUR SERIES 


| 
MALFORMATION NUMBER OF CASES | PER CENT 


Pulmonic stenosis 120 
Atrial septal defect 114 
Ventricular septal defect 102 
Patent ductus arteriosus 
Tricuspid atresia 
Tetralogy of Fallot 
Transposition 
Coarctation 
\ortic stenosis 
Ebstein’s disease 
Persistent common atrioventricular canal 
Trilogy of Fallot 
Single ventricle 
Eisenmenger’s complex 
Truncus arteriosus 
Pentalogy of Fallot 
Total 


NOK 


All of the cases selected had a hemodynamic diagnosis, and in most the diagnosis was proved 
either by surgery or autopsy. The AQRS was calculated by measuring the areas inclosed by the 
ORS complex of the three standard leads. These areas are expressed in microvolt-second (mvs).?! 
Each mvs corresponds to a surface measuring 1 mm. in height and 0.01 second in duration. Four 
mvs is equal to one Ashmann unit. In each case the value of the positive and negative areas of 
the QRS complex in Leads I, II, III were summed up algebraically. Arbitrary relative values 
were then used to express the results of this algebraic summation and plotted in the positive or 
negative portion of each lead according to the algebraic sign. 

Let us suppose for instance that the net areas of the QRS complex in Leads I, II, and III were 
found to be: +8,0, and —8 mvs, respectively. Considering 1 mvs to be equal to 1 cm., we shall 
have: +8 cm. for Lead I, 0 cm. for Lead II, and —8 cm. for Lead III (Fig. 1). 

From the points plotted in each lead, as is shown in Fig. 1, perpendiculars are dropped and 
a line is drawn from the center of the graph to the point at which they intersect. Such a line 
represents the accurate location of the AQRS in the frontal plane. 

The frontal plane was subdivided into 12 segments (30 degrees each), and the distribution 
if the mean ventricular axes was analyzed on these segments. The percentual incidence of each 
particular malformation in each segment was then calculated according to the location of the 
AQRS, by computing the total number of cases of all the lesions found in that particular segment 

Table IT). 

This incidence was then corrected by comparing the percentages obtained with the natural 
incidence of each malformation in the whole group of congenital heart diseases (Table III). This 
approximate natural incidence was calculated by comparing the statistical studies of different 
1uthors®-* with the ones obtained from our own files (a total of over 3,000 cases). Actually, 
in the determination of the natural incidence we have considered the whole group of congenital 
heart diseases as comprised only of the 16 malformations analyzed in this paper. We did so in 
order to keep the same cases studied by Sodi-Pallares,! thus permitting a better comparative 


analysis. 
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The correct incidence of each lesion per segment was calculated as follows: 


Number of cases of each lesion in the segment 
x Natural Incidence 


The incidence in our series 
The results obtained for each lesion in the segment were then transformed into percentual values. 
For example, in our Segment II we had: tricuspid atresia, 28 cases; persistent common atrio- 
ventricular canal, 9 cases; and single ventricle, 3 cases. By applying the aforementioned formula 
we obtained: tricuspid atresia, 8.65; persistent common atrioventricular canal, 8.00; and single 
ventricle, 1.56. By adding these figures we have a total of 18.21. In order to transform these 
results into percentual values, we did as follows: 


8.65 X 100 
Tricuspid atresia = ——————— = 46.96% 
18.21 
8 X 100 
P.C.A.V.C. = —— = 44.73% 
18.21 


TABLE II. PERCENTUAL DISTRIBUTION OF EACH MALFORMATION PER SEGMENT 


Segment I Segment VII Segment X 


Tricuspid atresia 
I.V.S.D. 
Pulmonic stenosis 
P.C.A.V.C. 

Single ventricle 


Segment II 


Tricuspid atresia 
P.C.A.V.C. 
Single ventricle 


Segment III 


P.C.A.V.C, 
Single ventricle 
Tricuspid atresia 
I.V.S.D. 


Segment IV 


P.C.A.V.C. 
I.V.S.D. 


Segment V 


L.V.S.D. 
P.C.A.V.C. 
Trilogy of Fallot 
Pulmonic stenosis 
Ebstein’s disease 


Segment VI 


Pulmonic stenosis 
L.V.S.D. 

L.A.S.D. 

Tetralogy of Fallot 
Trilogy of Fallot 
Transposition 
Ebstein’s disease 


1.A.S8.D. 

Tetralogy of Fallot 
Pulmonic stenosis 
Transposition 

I.V.S.D. 

Trilogy of Fallot 
Ebstein’s disease 
Pentalogy of Fallot 
Eisenmenger’s complex 


Segment VIII 


1.A.8.D. 

Pulmonic stenosis 
Tetralogy of Fallot 
Ebstein’s disease 
Transposition 
1.V.S.D. 
Eisenmenger’s complex 
Pentalogy of Fallot 
Coarctation of aorta 
Truncus arteriosus 
Trilogy of Fallot 
Aortic stenosis 


Segment IX 


Pulmonic stenosis 
1.A.8.D. 

P.D.A. 

1.V.S.D. 

Tetralogy of Fallot 
Transposition 
Aortic stenosis 
Coarctation of aorta 
Ebstein’s disease 
Truncus arteriosus 
Trilogy of Fallot 
Eisenmenger’s complex 
Pentalogy of Fallot 


P.D.A. 

LV.S.D. 

Aortic stenosis 
Pulmonic stenosis 
Coarctation of aorta 
1.A.S.D. 
Transposition 
Tricuspid atresia 
Tetralogy of Fallot 
Ebstein’s disease 
Truncus arteriosus 


Segment XI 


P.D.A. 

Coarctation of aorta 
I.V.S.D. 

Aortic stenosis 
[.A.8.D. 

Pulmonic stenosis 
Tricuspid atresia 
Tetralogy of Fallot 


Segment XII 


1.V.S.D. 

Tricuspid atresia 
Pulmonic stenosis 
P.D.A. 

1.A.S.D. 
Coarctation of aorta 


27.90 
19.76 
18.60 
17.44 
5.82 
4.66 
4.66 
1.16 


42.86 
28 .58 
9.52 
9.52 
4.76 
4.76 


I.V.S.D.—Interventricular septal defect. 
I.A.8.D.—Interatrial septal defect. 


P.C.A.V.C.—Persistent common atrioventricular canal. 
P.D.A.—Patent ductus arteriosus. 


71.42 35.00 29 31 
14.28 20.80 16.54 
7.14 18.20 12.03 
4.76 9.10 9.78 
2.38 6.50 9.78 
6.50 6 77 
1.30 5.26 
1.30 5.26 
70 0 1.30 2 6 
22.5 2 26 
0.75 
0.2 
15.73 
45.92 15.17 
27.01 15.16 
20.80 10.69 
6.27 7.29 
5.05 
3.37 
35 
28 57 
1.68 
0.56 
33.34 
99 99 
22.99 
0.88 
9 44 
7.62 
6 75 
23.08 5.84 
15.38 4.94 
15.38 4.94 
15.38 4.49 
15.38 3.14 
7.70 2.69 
7.70 1.70 


Venue = MEAN VENTRICULAR AXIS IN CONGENITAL HEART DISEASE 


1.56 X 100 
Single ventricle = —————— = 8.35% 
18.21 


Obviously, as with any statistical study of this nature, ours is not perfect. However, we 
feel that it can furnish satisfactory data to be applied as factors of correction, thus leading us as 
close as possible to reality, as far as the law of probabilities is concerned. 


Fig. 1.—Illustration of the method of calculating the AQRS from the standard leads. 


TABLE III. NATURAL INCIDENCE OF CONGENITAL HEART DISEASE 


MALFORMATION PER CENT 


Atrial septal defect 20. 
Ventricular septal defect 
Pulmonic stenosis 

Patent ductus arteriosus 

Tetralogy of Fallot 

Coarctation 

Persistent common atrioventricular canal 
lransposition 

Tricuspid atresia 

Trilogy of Fallot 

lruncus arteriosus 

\ortic stenosis 

Ebstein’s disease 

Single ventricle 

Eisenmenger’s complex 

Pentalogy of Fallot 


RESULTS 


After applying the approximate natural incidence of each malformation 
‘or correcting the percentual incidence in each segment, we found the results 
which are shown in Table IV. 
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DISCUSSION 


It is our opinion that if one divides the frontal plane into 12 segments in- 
stead of 6, thus analyzing the distribution of the AQRS from 30 to 30 degrees, 
such a division permits a more nearly accurate differential diagnosis. In the 
same way, if one corrects the percentual incidence of any lesion in each segment 
by the approximate natural incidence of this particular lesion, one approaches 
a more nearly accurate statistical reality. 


-90° 


SINGLE VENT. 
TRIC. ATRESIA 


TRILOGY TRICUSPID ATRESIA 
EBSTEIN'S SINGLE VENTRICLE 


TETRALOGY TRICUSPID ATRESIA 
TRILOGY SINGLE VENTRICLE 
TRANSPOSITION 
EBSTEIN'S 


TETRALOGY 
TRILOGY 

TRANSPOSITION TRICUSPID ATRESIA 
PENTALOGY 
EBSTEIN'S 


TETRALOGY 
TRANSPOSITION 
EBSTEIN'S TETRALOGY 
TRUNCUS TRICUSPID ATRESIA 


TRILOGY 
EISENMENGER'S 
PENTALOGY ETRALOGY 
RUNCUS 
RILOGY TETRALOGY 
RANSPOSITION FTRANSPOSITION 
EBSTEIN'S TRIC. ATRESIA 
ITRUNCUS 


EISENMENGER'S 
PENTALOGY ‘s 


+120° +90° +60° 


Fig. 2.—Distribution of the cyanotic malformations of our series in the 12 segments of the frontal plane. 


We stressed at the beginning of this paper that the results obtained by Sodi- 
Pallares ought to be more nearly correct statistically, for the reasons we have 
already pointed out. The following example will demonstrate our point: In 
the fifth sextant of their classification they found 98 cases of tetralogy of Fallot 
and 59 cases of pulmonic stenosis. The 98 cases of tetralogy represented 34.51 
per cent of the total number of patients with this malformation, and the 59 cases 
of pulmonic stenosis represented 59.61 per cent of the total number of patients 
showing this lesion. When they determined the incidence of these two diseases 
in this sextant, by computing the total number of cases of all the lesions which 


-120° | -60° 
-150° -30° 
+180% 0° 
+150° +30° 
; 
j 
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had their mean axes plotted on this zone, they found that tetralogy of Fallot 
represented 16.0 per cent of all these lesions, while pulmonic stenosis represented 
only 9.6 per cent. Thus, in the table showing the incidence of malformations 
per segment, tetralogy is classified ahead of pulmonic stenosis in the fifth sextant 
of Bayley. This, of course, leads one to conclude that whenever a mean ven- 
tricular axis is found in this sextant, one should think of tetralogy of Fallot rather 
than pulmonic stenosis as being the more probable disease. Such a conclusion 
would be correct if the percentual incidence of these two lesions in their series 


-120° -90° -60° 


I.V.S.D. 
P.C.A.V.C. P.C.A.V.C 
PULM. STEN. 


-150° 


PULM. STEN. I.V.S.D. 
I.A.S.D. PULM. STEN. 
I.V.S.D. P.C.A.V.C. 


I.V.S.D. 
p-D.A. 
PULM. STEN. 
I.A.S.D. 
COARCTATION 


P.D.A. 

I.V.S.D. 

COARCTATION 

COARCTATION I.A.S.D. 

+150° AORTIC STENOSIS P P.D.A. PULM. STEN. 
I.V.S.D. AORTIC STENOSIS 
COARCTATION 
PULM. STEN. 

OARCTATION I.A.S.D. 
ORTIC STENOSIS JAORTIC STENOSI 


+120° +60° 


Fig. 3.—Distribution of the acyanotic malformations of our series in the 12 segments of the frontal plane, 


would correspond to the real incidence of pulmonic stenosis and tetralogy of 
Fallot in the whole group of congenital heart diseases. If we correct the above 
data by the approximate natural incidence of each lesion, we will have different 
results, so that pulmonic stenosis actually will appear ahead of tetralogy of Fallot 
(Table V). 

Like Sodi-Pallares,! we definitely believe that the determination of the mean 
ventricular axis gives us important clues for the identification of the type of the 
malformation. We have applied the results we described in Table IV to patients 
who came to us in the past few months for differential diagnosis of their congenital 
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lesion. We have noticed that in many instances the possibilities suggested by 
the location of the AQRS correspond to the final surgical or pathologic diagnosis. 
Of course, this is only one step. As was stressed by Sodi-Pallares,' other factors, 
such as the presence or absence of cyanosis and a careful analysis of the mor- 
phology of the tracing, are extremely important and lead us to the exact diagnosis 
in the majority of the cases. Figs. 2 and 3 show the distribution of the cyanotic 
and acyanotic malformations of our series in the 12 segments. 


TABLE IV. PERCENTUAL DISTRIBUTION OF EACH MALFORMATION PER SEGMENT CORRECTED BY 
THE APPROXIMATE NATURAL INCIDENCE 


Segment I Segment VII Segment X 


Tricuspid atresia I.A.S.D. P.D.A. 

L.V.S.D. Tetralogy of Fallot L.V.S.D. 

Pulmonic stenosis Pulmonic stenosis Coarctation of aorta 

P.C.A.V.C. 1.V.8.D. Pulmonic stenosis 

Single ventricle Trilogy of Fallot I.AS.D. 

Transposition Tetralogy of Fallot 
Segment II Pentalogy of Fallot Transposition 
Ebstein’s disease Aortic stenosis 

Tricuspid atresia 
Se. t VIII Truncus arteriosus 

Single ventricle Ehstein’s disease 


Tetralogy of Fallot 
Single ventricle Pulmonic stenosis 
P.C.A.V.C. LVS.D. 
LV.S.D. 
Tricuspid atresi: Coarctation of aorta 
Ebstein’s disease 
Segment IV Truncus arteriosus 
Trilogy of Fallot 
P.CAV.C. Eisenmenger’s complex 
LV.S.D. Pentalogy of Fallot 


Aortic stenosis 
Segment V oe Segment XII 


I.V.8.D. 44.28 Segment IX L.V.8.D. 

Trilogy of Fallot 23.76 : , P.D.A. 
PCAV.C. 18.07 Pulmonic stenosis 
Pulmonic stenosis 11.19 IVSD Tricuspid atresia 
Ebstein’s disease 2.70 PDA. LA.S.D. 


Coarctation of aorta 
Tetralogy of Fallot 
Segment VI Coarctation of aorta 
Pulmonic stenosis 21.87 Truncus arteriosus 
LA.S.D. 20.11 Trilogy of Fallot 
1.V.S.D. 19.52 Transposition 
Tetralogy of Fallot 17.75 Ebstein’s disease 
Trilogy of Fallot 15.37 Aortic stenosis 
Transposition 3.51 Eisenmenger’s complex 
Ebstein’s disease 1.87 Pentalogy of Fallot 


SESRRSRN 


Segment XI 


P.D.A. 

1.V.S.D. 
Coarctation of aorta 
1.A.8.D. 

Pulmonic stenosis 
Aortic stenosis 
Tetralogy of Fallot 
Tricuspid atresia 


Sm 


— 


I.V.8S.D.—Interventricular septal defect. P.C.A.V.C.—Persistent common atrioventricular canal. 
I.A.8.D.—Interatrial septal defect. P.D.A.—Patent ductus arteriosus. 


In their study, Sodi-Pallares and associates! placed persistent common atrio- 
ventricular canal in the cyanotic group, and Eisenmenger’s complex in the acy- 
anotic group. We do not agree with this classification, since all our cases of per- 
sistent common atrioventricular canal were acyanotic, while in all patients with 
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Eisenmenger’s complex whom we have seen, cyanosis was present either clinically 
(detected by physical examination) or subclinically (revealed by the existence 
of systemic arterial desaturation). It is true that in a few cases of Eisenmenger’s 
complex, cyanosis may be absent in the early stages. However, in most of the 
patients the changes in the small pulmonary vessels develop during the first 
years of life, thus producing early systemic desaturation and cyanosis. 

We shall not describe the morphology of each one of the malformations in 
our series, since that was excellently done by Sodi-Pallares.' 


TABLE V 


PERCENTUAL 
DISTRIBUTION 

| PERCENTUAL CORRECTED BY 

| NUMBER DISTRIBUTION THE APPROXIMATE 
| OF AS CALCULATED NATURAL INCIDENCE 
| CASES | BY SODI-PALLARES OF EACH LESION 


| SEXTANTS OF BAYLEY 
| 
| 


TYPE OF MALFORMATION 


Patent ductus arteriosus 16. 
Atrial septal defect 

Tetralogy of Fallot 

Coarctation of aorta 

Pulmonic stenosis 

Trilogy of Fallot 

Ventricular septal defect 

Ebstein’s disease 

Aortic stenosis 

Transposition 

Eisenmenger’s complex 

Truncus arteriosus 

Tricuspid atresia 

Persistent common atrioventricular canal 
Single ventricle 

Pentalogy of Fallot 


NN 


CONCLUSION AND SUMMARY 


An analysis of the distribution of the AQRS in 877 patients with congenital 
heart disease was performed. The frontal plane was subdivided into 12 segments, 
and the incidence of each malformation per segment was determined. A correc- 
tion of the incidence of each lesion was then obtained by means of constants 
which represent the approximate natural incidence of each one of the malfor- 
mations in the whole group of congenital heart diseases. The reasons for such 
a correction are discussed. 

The authors stress that the main diagnosis of the anomaly can be established 
in a great number of cases if the location of the AQRS, the existence of cyanosis, 
and a careful interpretation of the morphology of the tracing are considered. 


The authors are indebted to Dr. F. Mason Sones and his assistants at the Cleveland Clinic, 
Cleveland, Ohio, for the valuable collaboration that made possible this study. We are also in- 
debted to Dr. Demetrio Sodi-Pallares for his criticism and help in reviewing this paper. 
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Recurrent Ventricular Tachycardia as the Chief Manifestation of 
Myocarditis of Unknown Etiology 


Robert H. Herman, M.D., Lyman J. Scripter, M.D.,* and 
Thomas W. Mattingly, M.D.,** Washington, D. C. 


Prolonged and/or repetitive ventricular tachycardia has been observed in 
heart disease of varied etiology, such as atherosclerotic coronary artery disease, 
rheumatic heart disease, and congenital heart disease. An occasional instance 
has been reported in which no evidence of organic disease was present. Although 
supraventricular cardiac arrhythmias, conduction defects, and premature ven- 
tricular contractions are commonly observed in myocarditis, only a few well- 
documented cases of ventricular tachycardia have been observed in myocarditis 
of known etiology. In myocarditis of unknown etiology (so-called ‘“‘isolated 
myocarditis”), ventricular tachycardia has been mentioned but rarely. Myo- 
carditis of unknown etiology usually manifests itself as progressive intractable 
cardiac failure and/or relatively sudden death. A case is reported in which 
repetitive ventricular tachycardia observed over a period of 10 months was the 
chief manifestation of a fatal case of myocarditis of unknown etiology. 


CASE REPORT 


A 19-year-old white man, an airman on duty in Newfoundland, first noted the onset of hard 
rapid beating of his heart about 10 months prior to his admission to Walter Reed Army Hospital. 
The initial episode lasted 6 to 8 hours, and was complicated by mild epigastric pain. By the time 
he reported on sick call only his subsiding epigastric pain was present. Thereafter, he had nu- 
merous instances (approximately 15 or 16) of tachycardia lasting from a few minutes to several 
hours, and these gradually became more frequent and of longer duration. These episodes usually 
occurred after eating or after walking, or with fatigue, but occasionally occurred spontaneously 
without any known precipitating cause. Between episodes he noted frequent premature con- 
tractions. On May 27, 1956 (6 months after onset), an attack persisted for 5 hours, the arrhythmia 
was recorded electrocardiographically for the first time, and he was admitted to his base hospital. 

The arrhythmia continued after this first admission and failed to respond to ‘sedation, but 
converted to sinus rhythm in 24 hours after he was given oral quinidine sulfate. An electrocardio- 
gram taken after the arrhythmia subsided showed frequent multifocal premature ventricular 
contractions and inverted T waves in the medial precordial leads. 
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Washington, D. C. 
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A general physical examination, including cardiac examination, on the first hospital admission 
revealed normal findings except for the tachycardia. Laboratory studies, including a complete 
blood count, erythrocyte sedimentation rate, urinalysis, serology, and serum cholesterol, were 
normal. A chest roentgenogram recorded on June 5, 1956, was compared with a roentgenogram 
taken on Nov. 5, 1955, and both were considered to be normal. Fluoroscopy of the heart and 
lungs revealed no abnormalities, apart from frequent premature ventricular contractions. De- 
spite continued therapy with quinidine, he had many short episodes of arrhythmia, including one 
which lasted 48 hours. During this latter episode his heart rate varied from 150 to 250 beats 
per minute. Frank congestive heart failure and dyspnea did not develop, but he was described 
as pale, apprehensive, frightened, lying perfectly still, refusing to eat or drink. Epigastric distress 
developed, which may have represented early cardiac failure. This episode finally terminated 
while he was on intravenous therapy with procaine amide, and he was given a maintenance dosage 
of 250 mg. three times daily. In addition, he was digitalized with 2 mg. of digoxin in 18 hours, 
and then was given a maintenance dosage of 0.25 mg. daily for 3 days. However, he continued 
to have frequent multifocal premature ventricular contractions with runs of coupling. 


Fig. 1.—Roentgenograms of Aug. 11, 1956. Left: Postero-anterior view. 
Right: Left lateral view. 


Initially, his attending physicians thought that the arrhythmia was supraventricular in 
nature with aberrant ventricular conduction, but because many of the complexes in the arrhythmia 
strongly resembled the premature ventricular contractions seen in the electrocardiogram between 
attacks, and because of the slight irregularity of the rate and the belief that P waves could be 
seen occurring at a slower rate, it was thought that he had ventricular tachycardia. 

On July 28, 1956, he was sent to a stateside hospital where physical examination again was 
normal, except for frequent premature ventricular contractions. As in the other hospital, re- 
peated episodes of ventricular tachycardia occurred. One episode of ventricular tachycardia 
failed to respond to 20 ml. of 10 per cent magnesium sulfate intravenously, but converted to a 
sinus mechanism with runs of trigeminy after 500 mg. of procaine amide had been given intra- 
venously. Oral procaine amide was continued, but was later stopped after the development of 
bradycardia and a prolonged P-R interval. He was then transferred to Walter Reed Army Hos- 
pital, being admitted on Aug. 10, 1956. 


1) Aug 456 
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Fig. 2.—Electrocardiogram between episodes of ventricular tachycardia. 
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Further history elicited from the patient revealed no previous or recent infectious diseases, 
trauma, exposure to chemicals, or any other significant history. Family history and past medical 


history were noncontributory. 

Physical examination revealed a six-foot, one-inch tall, 180-pound white man in no distress. 
The pulse was 60, with an occasional to frequent premature ventricular contraction, and the blood 
pressure was 110/80 mm. Hg. He had severe dental caries, but denied having any dental pain. 
His lungs were clear to auscultation and percussion. The point of maximum impulse of the heart 
was in the fifth intercostal space in the left mid-clavicular line. The heart tones were normal. 
The second pulmonic sound was split but was not accentuated. No cardiac murmurs were heard. 
The remainder of the physical examination was entirely normal. 

Laboratory studies revealed a white blood count of 6,100 per cubic millimeter, and a dif- 
ferential count showed 64 per cent polymorphonuclear leukocytes, 30 per cent lymphocytes, 
and 6 per cent eosinophils. The hemoglobin was 18.2 Gm. per 100 ml. of blood; the hematocrit 
was 48 per cent; and the corrected erythrocyte sedimentation rate was 3 mm. per hour (Wintrobe). 
The urinalysis was normal, and serology was negative. Antistreptolysin O-titer was 100 units, 
and total lipids were 682 and 732 mg. per 100 ml. of blood on two separate occasions. Two basal 
metabolic rates were —45 and —37, respectively. The protein bound iodine was 7 mcg. per 100 
ml. of blood; serum sodium, 138 mEq. per liter; potassium, 4.3 mEq. per liter; chloride, 102 mEq. 
per liter; carbon dioxide, 29.4 mEq. per liter. Chest roentgenograms (Fig. 1) showed questionable 
enlargement of the cardiac silhouette when compared with previous roentgenograms. Fluoroscopy 
of the heart and lungs was normal. An electrocardiogram on admission showed a sinus rhythm 
with an average rate of 50, a normal P-R interval; multifocal premature ventricular contractions, 
and T-wave inversion in Leads III, aVr, and V; through V;. Fig. 2 is a representative example 
of the patient’s electrocardiogram between episodes of ventricular tachycardia. Fig. 3 shows 
several examples of the patient’s ventricular tachycardia occurring during the course of his illness. 

Course in the Hospital—During hospitalization this patient was afebrile, and never had chest 
pain, cyanosis, or congestive heart failure. On the night of admission an episode of ventricular 
tachycardia recurred. The electrocardiogram taken during this episode was bizarre, with a ven- 
tricular rate of 200 per minute. There were irregular complexes and several short runs of normal 
complexes with interpolated multifocal premature ventricular contractions. He responded tempo- 
rarily to barbiturate sedation, but the ventricular tachycardia resumed. After the intravenous 
administration of 700 mg. of procaine amide, normal QRS complexes became more frequent and 
then predominated, and the ventricular tachycardia became a series of multifocal premature 
ventricular contractions. The ventricular tachycardia recurred intermittently during the night, 
and finally subsided spontaneously the following morning. Numerous episodes of ventricular 
tachycardia, with rates varying from 200 to 280, occurred during hospitalization. Several episodes 
abated after intramuscular Amytal sodium was administered. Barbiturate sedation, however, 
had no preventive effect. He was again digitalized with 1.25 mg. of digoxin and was placed on a 
maintenance dosage of 0.25 mg. three times daily from September 11 to 18. It was discontinued 
when on September 18, ventricular tachycardia, at rates varying from 200 to 260 per minute, 
resumed and persisted for 60 hours, despite the use of Amytal sodium, intravenous procaine amide 
in amounts varying from 300 to 900 mg., 8 mEq. of potassium chloride intravenously (this was 
discontinued when his rate increased and it was apparent that digoxin toxicity was not a factor), 
0.75 mg. of Prostigmin, intravenously, and quinidine gluconate, approximately 200 mg., intra- 
venously. During this time his blood pressure was not obtainable because of the rapid heart 
rate and cardiac failure, but he remained conscious and alert and remained perfectly still. He 
refused all food and fluids. His entire chest wall and neck vessels pulsated violently. His ex- 
tremities were pale, cold and sweaty, and he was apprehensive, restless, and agitated, and at times 
had hiccups, nausea, and vomiting. Finally, on September 21, his arrhythmia was converted 
to sinus rhythm by using a combination of 15 mg. of morphine sulfate and 500 to 600 mg. of quini- 
dine gluconate, intravenously. 

The use of quinidine gluconate was continued, with 400 mg. being given every 4 hours intra- 
muscularly. On September 22, intramuscular quinidine was stopped and 600 mg. of oral quinidine 
sulfate every 4 hours was given. This was increased to 800 mg. when long runs of ventricular 


tachycardia began to recur. 
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Late in the evening of September 22, he became restless and began to have difficulty in breath- 
ing. Ventricular tachycardia had recurred at a rate of 200. Oxygen and Amytal sodium had no 
effect and his breathing became more irregular. He was given 200 mg. of quinidine gluconate 
intravenously, but his heart rate remained at 250 beats per minute and continued at that rate for 
30 minutes. Cheyne-Stokes respiration began, and finally apnea occurred. Artificial respiration 
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Fig. 3.—Representative samples of ventricular tachycardia occurring at different times. 
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was used without success and his heart action deteriorated. Cardiac arrest occurred several 
times and only transient heart beats occurred when his chest was pounded. He expired at 11:30 
P.M. on September 22. In the 36 hours preceding death he had received a total of 5 Gm. of quini- 
dine. 

Postmortem examination was performed 151% hours after death. Only the pertinent findings 
are mentioned. 

Gross Examination.— 

Heart: There was no significant free fluid in the pericardial cavity. The heart was diffusely 
and markedly dilated and somewhat enlarged grossly. The epicardial surface was smooth, glis- 
tening, and markedly pale, and there was a yellowish discoloration over the right ventricular 
surface. The heart weighed 535 grams. The myocardium was extremely soft and flabby through- 
out both ventricles and the interventricular septum, with this condition being most pronounced 
in the right ventricle. The right ventricle was quite dilated, and the left ventricle showed a moder- 
ate, diffuse hypertrophy. There were extensive areas of pale, yellow-tan discoloration throughout 
the myocardium. Generally, the myocardium appeared pale. In many areas, only occasional 
patchy, irregular, normal myocardium was seen. The endocardial surface and heart valves were 
normal. No mural thrombi were present. The coronary ostia were normally situated. The right 
coronary ostium was half the diameter of the left coronary ostium. There was a markedly pre- 
ponderant left coronary artery distribution. The right coronary artery was hypoplastic and could 
be followed only for 3.5 cm. The left coronary artery was large and prominent and widely patent 
throughout and supplied the entire cardiac circumference. The right ventricular wall showed 
considerable fatty infiltration. The right atrium was quite dilated. The pulmonary venous 
return was engorged and congested. 

Lungs: The lungs were moderately subcrepitant throughout. The right lung weighed 
500 grams, and the left lung, 572 grams. The bronchial and bronchiolar lumina had considerable 
quantities of thin, watery, serosanguinous fluid. The bronchial mucosal surfaces were diffusely 
hyperemic. Grossly, the lungs appeared normal except for congestion with serosanguinous fluid 
exuding on cut section. 

Lymph nodes: Prominent pulmonary hilar lymph nodes were present, the largest measuring 
1.6 cm. in diameter. Cut section through the larger node revealed multiple small discrete areas 
of caseation necrosis, the largest being 0.2 cm. in diameter. The liver and spleen were moderately 
congested. The remainder of the gross examination was normal. 


Microscopic Examination.— 

Heart: Sections of the heart taken from both ventricles, interventricular septum, and both 
atria showed an extremely severe, chronic interstitial myocarditis in various stages of activity 
and resolution (Figs. 4,5, and 6). In many areas there was extensive disruption and fragmentation 
of the myocardial fibers. There were numerous focal areas of acute necrosis of the myocardium. 
Within these areas the fibers presented a swollen, homogeneous, refractile, eosinophilic appearance. 
There was a marked interstitial, inflammatory cell infiltrate present throughout the sections. 
In many areas this consisted of plasmacytes, lymphocytes, polymorphonuclear leukocytes, and 
many eosinophils. There were numerous focal areas of rather marked eosinophilia. There were 
many areas of fatty infiltration seen throughout the myocardium. There were extensive areas 
of fibrosis seen throughout many sections. The most striking changes present were throughout 
the right ventricular wall and within the anteromedial portions of the left ventricle. The coronary 
arteries and intramural myocardial vessels were entirely normal, and there was no perivascular 
infiltrates. The myocardial fiber nuclei showed considerable variability in size, shape, and tinc- 
torial characteristics. Occasional muscle fibers showed evidence of acute necrosis with associated 
loss of cross-striation and acute swelling. There was a rather marked, widespread, interstitial 
edema. Multiple special stains showed no organisms of any kind. 

Lungs: The lungs were normal except for the alveoli, which were filled with extensive smooth 
amphophilic homogeneous material consistent with edematous fluid. The pulmonary vessels 
were markedly congested and engorged. 

Skeletal muscle: Sections of the diaphragm and pectoral muscles were entirely normal. No 
granulomatous lesions were found. 
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Figs. 4 and 5.—Microphotographs of heart showing inflammatory changes and degeneration of 
heart muscle fibers. - Magnification, reduced '/;. 
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Spleen: An intense and diffuse vascular congestion was seen. There was a diffuse cellular 
infiltrate of eosinophils scattered in the red pulp. Otherwise, the spleen was normal. 

Bone marrow: Bone marrow was normal, and no eosinophilia was seen. 

Lymph nodes: Several of the left pulmonary hilar lymph nodes showed multiple, nodular, 
well-circumscribed areas of caseation necrosis. The necrotic areas had sharply circumscribed, 
smooth borders of well-organized fibrous tissue. Several lesions had central calcification. Multi- 
ple special stains revealed no definitive organisms in the caseated areas. 


Fig. 6.—Microphotograph of heart showing inflammatory changes and degeneration of 
heart muscle fibers. Magnification, <430; reduced !/;. 


Liver: The liver was normal except for numerous small, well-circumscribed foci of granu- 
lomatous inflammation and necrosis scattered throughout the parenchyma. Several were quite 
large and consisted of abundant, well-circumscribed collections of large, pale epithelial cells with 
a surrounding cellular infiltrate of mononuclear cells, eosinophils, and occasional polymorphonu- 
clear leukocytes. Centrolobular vascular congestion was also present. Multiple special stains 
showed no etiologic organism. The kidneys showed only marked vascular congestion and were 
normal otherwise. 


DISCUSSION 


Ventricular tachycardia has been reported as occurring in a great many 
circumstances. Clinically, ventricular tachycardia has been observed in: coro- 
nary artery disease,'~> patients with no known heart disease,'-? combined arterio- 
sclerotic hypertensive cardiovascular disease,? hypertensive heart disease,’ 
terminal hypertensive heart disease,! rheumatic heart disease,?*> rheumatic 
and hypertensive cardiovascular disease combined,’ syphilitic heart disease,’ 
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Wolff-Parkinson-White syndrome,*:* diphtheria,! congenital heart disease,* 
exertion and/or excitement,'* idiopathic pericarditis!®; transiently following 
the stopping of paroxysmal atrial tachycardia by various maneuvers''-"; and after 
the administration of various drugs: digitalis'-*:4 (especially when digitalis causes 
the alternate bidirectional type of paroxysmal ventricular tachycardia!*:'*-'*), 
quinine,'® norepinephrine and epinephrine,’®?° trichloroethyl- 
ene,”!-2 cyclopropane,” carbon tetrachloride,” tetraethylammonium (in a patient 
with pheochromocytoma), and Fuadin.” Experimentally, ventricular tachy- 
cardia has been produced by coronary artery occlusion by ligature in dogs,?*?? 
by epinephrine in isolated perfused rabbit hearts pretreated with potassium 
chloride,”* in association with a rising concentration of potassium in the coronary 
sinus of dogs with coronary occlusion by ligature,?’ by epinephrine in dogs,?*:*° 
by procaine in isolated perfused rabbit hearts pretreated with epinephrine,*! 
by application of acetylcholine to, or strong mechanical stimulation of, the dog 
heart ventricle,” by trichloroethylene in dogs, by epinephrine or norepinephrine 
and petroleum ether in the cat,** and by rapid electrical stimulation in pigs that 
have had previous coronary artery ligation.* 

Ventricular tachycardia occurring in myocarditis of known etiology is rare. 
Cossio, Vivoli, and Caul*® presented a case of a 35-year-old sailor who developed 
paroxysmal ventricular tachycardia 10 days before hospitalization, and died 
suddenly on the fourteenth hospital day. Postmortem examination of the heart 
showed lymphocytes and plasma cells surrounding the blood vessels irregularly 
and in masses. Endarteritis obliterans was seen in the small arteries, and some 
myocardial fibers were in fragments or were compressed by granulation tissue. 
The right bundle branch of His was destroyed by granulation tissue. Using 
Dieterle Roberti’s silver impregnation technique, 7reponema pallidum was 
observed occasionally around the lymphatic nodules, the septum, and the vasa 
vasorum of the aorta. But in 1932, Saphir*® reviewed the literature on syphilitic 
myocarditis, and a critical consideration revealed that morphologically the 
diagnosis of syphilitic myocarditis could not be made in any of the reviewed 
cases in the absence of gummas. In Part II of his classic review of myocarditis,*’ 
Saphir stated that Cossio, Vivoli and Caul “*. . . described a sclerogummatous 
type of myocarditis. They included a picture of a spirochete which is not too 
convincing.”’” After an exhaustive survey, Saphir concluded by stating,“‘. . . it 
must be concluded that the entity ‘syphilitic myocarditis,’ a diffuse syphilitic 
inflammation with the presence of spirochetes in acquired syphilis, is extremely 
rare, if it occurs at all.””. There is a curious case reported by Robinson and Herr- 
mann*’ in which a 51-year-old man had paroxysmal ventricular tachycardia be- 
cause of coronary occlusion. At autopsy, a myocardial infarction was found, 
with a gummatous lesion in the circumflex branch of the left coronary artery. 
Also, in this connection, might be mentioned a paper by Froment, Gallavardin 
and Cahen’ in which the authors cite a case of a patient with a positive serology 
and paroxysmal ventricular tachycardia, in whom the paroxysmal ventricular 
tachycardia did not recur after treatment of the syphilis. 

Schnitzer*® records a case of a 32-year-old white man with pulmonary tu- 
berculosis who developed ventricular tachycardia. He died during an episode 
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of ventricular tachycardia, and postmortem examination showed miliary and 
confluent tubercles in the lung and miliary and confluent tubercles in the myo- 
cardium, with fibrosis in and around the tubercles. Fibrous granulation tissue 
with tubercles replaced the outer part of the myocardium of the left ventricle 
for a distance of 1 cm. There was no tuberculous pericarditis. Johnson and 
Jason*® report a 24-year-old Negro man with sarcoid involving the uvea and 
lungs, who had a rapid and irregular tachycardia from time to time. An electro- 
cardiogram showed multifocal premature ventricular contractions and paroxysmal 
ventricular tachycardia. He died on the thirteenth hospital day. Sarcoid was 
found to involve the heart, lungs, lymph nodes, spleen, liver, and testes. In the 
heart were early lesions of lymphocytic infiltration and older lesions where muscle 
fibers were gone and were replaced by epithelioid and giant cells, with a pe- 
ripheral border of lymphocytes. Culture of the material yielded no acid-fast 
bacilli. In their classic review of 300 cases of sarcoidosis in 1949, Ricker and 
Clark*' mention the case (A.I.P. Accession No. 172709) of a 25-year-old Negro 
man who was hospitalized in July, 1945, with bilateral decreased vision. In 
November, 1945, enlarged mediastinal lymph nodes and a pulmonary infiltrate 
were seen. In January, 1946, epitrochlear and inguinal lymphadenopathy ap- 
peared. He developed a pulse of 160, and developed either a ‘‘fast fibrillation 
or a simple ventricular (ectopic) tachycardia.’’ With digitalization his arrhythmia 
stopped and digitalis was discontinued. His ventricular tachycardia recurred 
twice more, and he died in February, 1946. Autopsy showed widespread sar- 
coidosis, with involvement of the heart. In 1951, another case was reported by 
Adickes, Zimmerman and Cardwell,” that of a 28-year-old Negro man with right 
upper quadrant abdominal pain, nausea and vomiting, dyspnea, bilaterally 
enlarged parotid glands and pulmonary hilar lymph nodes, and uveitis. He 
also had cardiomegaly, a gallop rhythm, and a Grade 3 to 4, harsh, whistling 
systolic murmur. He developed premature ventricular contractions, and on 
the twelfth hospital day had paroxysmal ventricular tachycardia. After 3 months 
of hospitalization he died suddenly. The heart weighed 560 grams, and there 
were numerous, large areas of scar tissue. A small collection of sarcoid lesions 
was found in one of the atria. In a clinicopathologic conference in 1957, the 
case of a 33-year-old sailor who had multifocal premature ventricular contrac- 
tions with short runs of ventricular tachycardia on his electrocardiogram was 
reported. His arrhythmia was resistant to therapy with procaine amide, and he 
died suddenly 4 months after onset of the condition. There was extensive granulo- 
matous involvement of the heart by lesions of sarcoid, with extensive fibrosis 
and some hyalinization of muscle fibers. 

Hume* collected six cases of ventricular tachycardia out of 2,400 cases of 
supraventricular and sinus tachycardia. One of these six cases was that of a 
20-year-old man who, during convalescence from diphtheria at the age of 16, 
began having frequent attacks of palpitation. Over a 3-year period these attacks 
became less frequent. He was in the British Army for 10 months, and for the 
last 2 months had more frequent attacks, which were shown to be episodes of 
paroxysmal ventricular tachycardia and were thought in all probability to be 
due to diphtheria. Gore,“ at the Army Institute of Pathology in 1948, reviewed 
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221 cases of fatal diphtheria, and of the electrocardiograms recorded in 52 of 
these, four showed ventricular tachycardia. However, Burkhardt, Eggleston 
and Smith,** in 1938, over a 214-year period studied the electrocardiograms in 
140 cases of toxic diphtheria and found only 28 cases with electrocardiographic 
evidence of cardiac damage but none with ventricular tachycardia. 

Ventricular tachycardia in rheumatic heart disease is reported by Williams 
and Ellis? and Ambrust and Levine.* The former authors list two cases. Details 
of only one patient are supplied. This was a 34-year-old woman who had cardio- 
megaly, a loud first sound at the apex of the heart, and a systolic murmur. She 
was considered to have rheumatic and hypertensive heart disease, with involve- 
ment of the mitral valve. The latter authors had nine patients with rheumatic 
heart disease and paroxysmal ventricular tachycardia. From the data given in 
these two references it is impossible to know whether rheumatic myocarditis 
was present in these patients. Saphir and Langendorf,‘’ in 1953, analyzed 22 
fatal cases of acute rheumatic heart disease, and of the 12 cases with electro- 
cardiographic records no instance of ventricular tachycardia was found, although 
other electrocardiographic abnormalities were seen. 

Rosenbaum and Alvarez‘® reviewed the electrocardiographic findings in 
130 cases of Chagasic myocarditis. Of these 130 cases, seven showed ventricular 
tachycardia. One patient had repetitive ventricular tachycardia which he 
tolerated for 7 years. He had moderate enlargement of the heart but no heart 
failure. Laranja and associates*® surveyed 1,340 chronic cases of Chagas’ disease, 
of which 683 had evidence of myocardial damage. In this latter group there 
were 14 cases of ventricular tachycardia, 12 of which were fatal cases. 

Gore and Saphir,®° at the Army Institute of Pathology in 1947, collected 
35 cases of fatal myocarditis associated with acute nasopharyngitis (23 cases) 
and acute tonsillitis (12 cases). Case No. 6 (A.I.P. Accession No. 140417) was 
a 31-year-old white man who was hospitalized for acute tonsillitis and treated 
with sulfadiazine. The process had largely resolved by the ninth day, when he 
complained of sudden pain. His heart sounds were poor, the rhythm was ir- 
regular, and the blood pressure was 85/70 mm. Hg. This persisted through the 
next day. Pulmonary edema occurred, and his electrocardiogram showed ven- 
tricular tachycardia. Anuria developed and he died. At postmortem exami- 
nation he was found to have a diffuse myocarditis. There was cardiac dilatation 
and gross alterations of the myocardium. There was a moderate amount of 
muscle necrosis. Whether these cases of myocarditis are fortuitously coincident 
with the upper respiratory infections or are causally related is difficult to es- 
tablish, but their close association cannot be easily discounted. 

Finally, Javett and associates®! described 10 cases of myocarditis in infants, 
six of which cases had a fatal outcome. Group B Coxsackie virus was discovered 
in four infants, one of whom developed ventricular tachycardia and expired 1 
hour after admission to the hospital. 

Ventricular tachycardia occurring in myocarditis of unknown etiology 
rarely has been encountered. In 1926, Major and Wahl® cited the case of a 
25-year-old man who had an attack of tachycardia at the age of 12 and again 
at the age of 19, and who also had infected tonsils for several years and badly 
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infected teeth for 18 months. He developed paroxysmal ventricular tachycardia 
with a rate of 200 to 240 per minute and was admitted to the hospital. Three 
hours after he had received two thirds of a grain of Pantopon orally and 0.025 
mg. of ouabain by hypodermic injection, his pulse became 100. He was dis- 
charged from the hospital the next day. Four months later his tachycardia 
recurred, and again after 0.025 mg. of ouabain was instituted his tachycardia 
ceased. Five hours later another attack occurred and he died in 3 minutes. 
At the time of death there was a marked quivering of the precordium. Post- 
mortem examination showed foci of polymorphonuclears, with collections of 
mononuclear cells and eosinophils in the right and left atria, left ventricle, and 
interventricular septum, including the bundle of His. A large amount of de- 
generation of muscle fibers was seen in all sections. 

Rubell and Strauss,® in 1936, reported a child who had attacks of paroxysmal 
ventricular tachycardia simulating epileptic seizures from the age of 3 years 
until her death during one such bout at the age of 8 years. On occasions, severe 
apprehension or fright precipitated the attacks. At autopsy there was marked 
fibrosis of the right atrium, including the sinus node, portions of the interven- 
tricular septum, including the A-V node and bundle of His, and papillary muscles 
of the left ventricle. Occasionally, inflammatory cells, usually lymphocytes, 
were seen within the fibrotic areas. No etiology was found to account for this 
myocarditis. 

In 1954, de la Chapelle and Kossmann,* in a review of myocarditis, mention 
ventricular tachycardia only to say that, ‘‘Ventricular tachycardia has been 
encountered principally in terminal instances of diphtheritic myocarditis,’ but 
they give no documentation for this statement. The authors also mention that, 
‘“*. . .we have observed an example of ventricular and bidirectional ventricular 
tachycardia in the course of acute focal myocarditis of unknown cause.”” The 
captions under the figures relating to the case indicate that the patient was a 
42-year-old Puerto Rican woman with acute focal interstitial myocarditis who 
also had some hemorrhage into the epicardial fat. The heart weighed 420 grams. 
Her electrocardiogram showed low voltage of the QRS complex with inverted 
T waves in Leads V2 and Vy. Shortly after onset of the shock-like state 2 days 
before death the electrocardiogram showed a bidirectional ventricular tachy- 
cardia. Duration of the ventricular tachycardia is not stated. Whether or not 
the patient was receiving digitalis at the time is not stated. 

A case presented at a clinicopathologic conference at the Massachusetts 
General Hospital® was that of a 24-year-old man who had suffered with grand 
mal seizures for 214 years, and for which he had received Dilantin. For 5 months 
before hospitalization he had episodes of palpitation, nausea and vomiting, and 
loss of consciousness. An electrocardiogram during one of these showed ven- 
tricular tachycardia that spontaneously reverted to normal. Later, he was 
hospitalized with the symptom of pressure in his chest, and was found to have 
ventricular tachycardia with a rate of 240. He was given procaine amide, and 
normal sinus rhythm ensued. Frequent episodes of ventricular tachycardia 
took place, but he had no cardiomegaly. On therapy with procaine amide he 
had no further episodes of tachycardia, and was discharged on the fifteenth 
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hospital day. Four weeks later he was found dead in bed. Autopsy showed 
diffuse fibrosis of the myocardium, which was thought probably to be secondary 
to myocarditis. 

Levy and Von Glahn** described 10 cases of an entity that they labeled as 
cardiac hypertrophy of unknown cause. Their Case No. 8 was that of a 66-year- 
old white woman who died during a paroxysm of ventricular tachycardia 2 months 
after admission to hospital. At the age of 7 years this patient had had diphtheria, 
and had had ‘generalized dropsy’’ requiring bed rest for 1 year. Pneumonia 
occurred at ages 20 and 21, and tuberculosis at age 23; the latter was cured in 
1 year. She remained well until age 52, when she was told that she had a large 
heart. Six months prior to admission to the hospital her heart rate became greater 
than 200, and she had dyspnea. Pulmonary congestion, dyspnea, and edema 
persisted thereafter. At the time of admission she had an enlarged liver, the 
point of maximum impulse of the heart was at the anterior axillary line, and 
her pulse was 42. She had episodes of complete and partial A-V block. Parox- 
ysms of ventricular tachycardia occurred which responded to quinidine therapy. 
A left facial palsy and right hemiplegia occurred 2 days prior to death. Termi- 
nally, her temperature rose to 104.4° F. She died during a paroxysm of ventricular 
tachycardia. Autopsy showed an enlarged heart weighing 440 grams. The 
myocardium of the atria was hypertrophied and diffusely scarred. The right 
ventricle showed areas of recent necrosis frequently involving branches of the 
conduction system. There was myocardial necrosis in the interventricular sep- 
tum. There were scars of loose connective tissue, with phagocytes in the scar 
which were filled with a pale yellow granular pigment. Similar changes were 
found in the left ventricle and papillary muscles. Aggregates of small mononu- 
clear cells were seen about or near some of the arterioles. 

One further case may be cited, which is however of a less well-defined nature 
than those mentioned above. In 1938, Amberg and Willius®*’ observed a 15- 
month-old girl who had diarrhea for 3 weeks; when the diarrhea subsided, she 
developed a cough, dyspnea, and moist rales in the lungs. Cardiomegaly and 
tachycardia occurred, and on the fourth hospital day paroxysmal ventricular 
tachycardia was recorded electrocardiographically. The patient died on the 
eleventh hospital day. The heart weighed 130 grams (42 grams being normal 
for this age), and the myocardium showed moderate degrees of fatty degener- 
ation. The authors were unable to establish a cause of the cardiac disease. No 
detailed description of the microscopic appearance of the heart was given. 

Thus, we may conclude that myocarditis of known and unknown etiology can 
cause ventricular tachycardia and should be added to the long list of conditions 
already associated with ventricular tachycardia. Although idiopathic myocardi- 
tis usually presents as unexplained cardiac failure®*-®° or sudden death,**:®-6 
it may present rarely as ventricular tachycardia. One may speculate that cases 
of ventricular tachycardia with no apparent cardiac disease, such as reported 
by Ambrust and Levine,’ may in some instances represent some type of myo- 
carditis which is nonprogressive and relatively well tolerated. Chagasic myo- 
carditis is a myocarditis which is known to behave in this fashion, and Rosenbaum 
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and Alvarez*® point out that in practically every case of chagasic myocarditis 
the electrocardiographic tracing becomes abnormal before the heart enlarges 
and before clinical symptoms and signs are noticeable. 

The mechanism of the development of the ventricular tachycardia in our 
case was most likely the direct irritation of normal or minimally damaged muscle 
fibers by the severe inflammatory process taking place in the myocardium, with 
multiple foci initiating the ventricular contractions. When many such foci in 
rapid sequence were operating, the bizarre pattern that out patient had was 
seen. When the ventricular foci acted relatively less frequently, multifocal 
premature ventricular contractions were seen interpolated between normal 
electrocardiographic complexes. As the foci began occurring closer together, 
the normal complexes became scarcer, short runs of ventricular tachycardia 
occurred, and finally, persistent ventricular tachycardia developed. Possibly, 
degenerating myocardial muscle fibers contribute irritable foci to the arrhythmia. 
That this may be so is supported by the study of Zatuchni, Aegerter, Molthan 
and Shuman® of 292 cases of progressive muscular dystrophy. Of 136 cases 
in which cardiac data were available, 94 showed some abnormality of the cardio- 
vascular system. Seven patients had tachycardia asleep and awake, and the 
heart accelerated with minimal stimuli. Two patients had extrasystoles and 
ventricular tachycardia. These cases, reviewed by Zatuchni and his colleagues, 
represent primary, noninflammatory muscle disease of the heart. Thus, inflam- 
matory processes or irritation of the conduction system of the heart cannot be 
invoked as mechanisms for the arrhythmia. The direct mechanism may be 
mediated by the local destruction of tissue by the inflammatory process, which 
releases potassium locally, and the potassium then acts as the primary excitant. 
This idea is supported by the work of Cherbakoff, Toyama and Hamilton,?’ who 
found that when the left coronary artery in dogs was ligated, there was a rise in 
the concentration of potassium in the coronary sinus blood, accompanied by a 
rapid series of extrasystoles that ended in ventricular fibrillation 5 minutes after 
ligation in five of nine animals. In three animals, as the level of potassium rose, 
short bursts of extrasystoles and/or ventricular tachycardia occurred, and as 
the level of potassium decreased, the extrasystoles were suppressed. A second 
rise in the level of potassium again took place, extrasystoles and/or ventricular 
tachycardia occurred, and ventricular fibrillation finally took place. Ventricular 
fibrillation usually occurred after a paroxysm of ventricular tachycardia. One 
dog had no rise in the level of potassium after coronary artery ligation. This 
dog did not develop extrasystoles or ventricular tachycardia. Finally, direct 
irritation of the conduction system of the heart by the active inflammatory 
process and/or the resultant scar tissue should be mentioned. This might be 
more likely to lead to varying degrees of atrioventricular block, even though 
one cannot exclude the possibility that this may be a factor in the production 
of premature ventricular contractions and ventricular tachycardia. But one 
would expect that unifocal premature ventricular contractions would predomi- 
nate. Lesions involving the conduction system of the heart have been found in 
postmortem examinations of the cases cited above,*:*-556 and, although not 
mentioned in the other cases, one cannot exclude the presence of lesions irritating 
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the conduction system in those cases. All of the mechanisms may participate 
to varying degrees in any given case. However, if potassium is involved, it 
would be dangerous indeed to use potassium solutions as a therapeutic measure 
except in the case of digitalis-induced ventricular tachycardia. 

Another electrocardiographic change, consisting of inverted T waves in the 
right precordial leads, was seen in our patient (Fig. 2). These changes have been 
described by others in many varieties of myocarditis.*®-49-54,58,59,64,70-74 Tt would 
seem that the T-wave inversion in our patient was a direct reflection of his myo- 
carditis. A so-called post-tachycardia syndrome has been described as appearing 
in some cases of paroxysmal ventricular tachycardia after the cessation of the 
ventricular tachycardia. This usually consists of T-wave inversion persisting 
for varying lengths of time (6 to 60 days), S-T segment depression, and pro- 
longation of the Q-T interval.?:-78 In none of the patients in whom this has 
been described has pathologic examination of the heart been performed. Since 
we do not know what the post-tachycardia syndrome represents, it does not 
seem reasonable to invoke it to explain the T-wave inversion in this patient’s 
electrocardiogram. The more logical explanation is that probably it was due to 
his myocarditis, particularly in view of the pathologic findings of acute myo- 
carditis and fibrosis, especially in the anteromedial wall of the left ventricle. 
It may be that the post-tachycardia syndrome itself represents a transient myo- 
carditis which was responsible for the paroxysmal ventricular tachycardia in 
the first place. 

One of the striking changes noted pathologically was a diffuse eosinophilia 
in many parts of the heart. This probably represents the eosinophilia often 
seen in the healing phase of inflammatory lesions. Eosinophilia has been noted 
before in myocarditis and in the heart in a variety of other conditions. Eosino- 
philia in the myocardium has been described in diphtheritic myocarditis,”® so- 
called eosinophilic leukemia,*®® larva migrans due to Toxocara larva,* bronchial 
asthma,® allergic granulomatosis, and rarely in acute rheumatic carditis,™ 
trichinosis, teniasis,°” toxoplasmosis,** as well as in myocarditis of unknown 
etiology.®*:°-97 Thus, such eosinophilia is of a nonspecific nature, and the exact 
significance of eosinophilia in the heart cannot be stated. 

Therapy in this patient was extremely difficult. He responded at times to 
procaine amide and quinidine gluconate given intravenously. But these provided 
only temporary respites, and multifocal premature ventricular contractions 
continued. Finally, during a paroxysm of ventricular tachycardia, heart action 
deteriorated, and despite all measures the patient expired. Lacking specific 
means to arrest the inflammatory process in this patient’s myocardium, only 
symptomatic treatment could be used. The use of quinidine in the treatment 
of ventricular tachycardia is solidly grounded in the past experiences of others.*:°:" 
Binder and Rosove’’ collected 20 cases from the literature in which quinidine 
was implicated in the production of ventricular tachycardia and/or ventricular 
fibrillation, and added two cases of their own. They noted that doses as small 
as 1.2 Gm. in one case and 0.4 Gm. in two other cases resulted in ventricular 
tachycardia. On the other hand, Levine** gave 7.5 Gm. of quinidine in one day, 
and Reich® used 12.3 Gm. in 214 days and cites other cases in which large doses 
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of quinidine have been used. Williams and Ellis? noted that daily doses as high 
as 5.82 Gm. have been given repeatedly without untoward result. Strong and 
Munroe!” successfully treated a 41-year-old man with 2.59 Gm. of quinidine 
sulfate, intravenously, after 23 days of continuous ventricular tachycardia. 
Morris and Franklin’? gave 3.2 Gm. of quinidine gluconate intravenously in 
4 hours in a young man with ventricular tachycardia, without effect, but on the 
third day normal sinus rhythm occurred after the use of 1.5 Gm. each of quinidine 
gluconate and procaine amide, intravenously. Dubbs and Parmet** converted 
a ventricular tachycardia of 21 days’ duration to regular sinus rhythm with 1.0 
Gm. of quinidine sulfate given intravenously. It would seem then that ven- 
tricular tachycardia from quinidine is quite infrequent and is not too well cor- 
related with the dose. In all probability it had no effect on our patient in the 
terminal phase of his illness, neither aggravating or alleviating his ventricular 
tachycardia. 

We cannot say what the underlying etiology was in this case. But certain 
causes can be considered. A great many causes of myocarditis are known and 
have been listed by Gore and Saphir'” and Baggenstoss and Stryker.'” But 
none of those causes, associated with known disease, apply to this case. It is 
tempting to consider a virus as a possible cause. Unfortunately, the nature of 
the patient’s disease was not anticipated, so that suitable specimens were not 
kept for viral studies. Saphir, Amromin and Yokoo!® listed many of the viral 
diseases in which myocarditis occurs, such as poliomyelitis, measles, mumps, 
viral pneumonia, encephalitis, and infectious mononucleosis, and reported four 
cases of myocarditis occurring in infectious hepatitis. Kibrick and Benirschke!™ 
isolated a Group B, Type 3 Coxsackie virus from the renal tissue of an infant 
dying of encephalomyocarditis. The myocardium was infiltrated with poly- 
morphonuclear leukocytes, macrophages, and occasional lymphocytes, and 
there were numerous eosinophils. They reviewed similar reported cases and 
summarized the findings. These cases of viral myocarditis had microscopic 
pictures of acute interstitial myocarditis. If the technique for viral studies had 
not been developed, these cases would have fit the concept of myocarditis of 
unknown etiology (which has been classified as so-called ‘‘isolated myocarditis” 
by numerous authors). Thus, a viral etiology remains a very real possibility. 
A “musculotropic virus’ might be postulated. The Coxsackie virus is one such 
type. In such a case other muscle besides cardiac muscle might be expected to 
be involved. Indeed, another patient with myocarditis at Walter Reed Army 
Hospital had smooth muscle and mucosa of the gastrointestinal tract involved, 
with a resulting malabsorption syndrome.' 

On the other hand, cases of myocarditis with involvement of the skeletal! 
muscles have been described and have been categorized as ‘‘thyrotoxic my- 
opathy.”” Terplan and associates'® had a patient with thyrotoxicosis with far- 
advanced exophthalmos and a myositis characterized by extensive necrosis of 
muscle fibers involving most of the skeletal musculature. The heart and extra- 
ocular muscles were the most severely involved. Marked eosinophilia of the 
tissues was found. Wright!®* reported a similar case of a patient with so-called 
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“malignant exophthalmos” associated with a fatal myocarditis, and at least 
one similar case is contained in the files of the Armed Forces Institute of Pa- 
thology.!°7 

Not to be overlooked is the concept of myocarditis due to hypersensitivity. 
Neustadt!” reviewed this possibility in the discussion of a case report. A young 
woman developed acute serum sickness after being given tetanus antitoxin, 
and 3 days later she was admitted to the hospital. On the second hospital day 
her electrocardiogram showed inverted T waves in Leads II, III, V3, and aVr. 
On the fourth hospital day there was very slight T-wave inversion in Lead II, 
with the T waves upright elsewhere. These changes were thought to have been 
due possibly to an allergic myocarditis. Neustadt cited the experimental evi- 
dence in favor of the concept of allergic myocarditis and cited cases of myocarditis 
associated with drug sensitivity. 

It would seem likely, however, that multiple causes will be uncovered. Now 
that procedures are available to investigate the possibility of the viral etiology 
of myocarditis, a better understanding of myocarditis as a clinical entity should 


result. 


SUMMARY 


The case of a 19-year-old patient with multifocal premature ventricular 
contractions and frequent bouts of ventricular tachycardia culminating fatally, 
with pathologic findings of myocarditis, is presented. This patient had little 
other clinical evidence of cardiac disease. Other causes of ventricular tachycardia 

are discussed and other cases of myocarditis of known and unknown etiology 

with ventricular tachycardia are reviewed. It is pointed out that ventricular 
i tachycardia can be the predominant manifestation of myocarditis, and the possi- 
bility is suggested that cases of ventricular tachycardia with no apparent heart 
disease may represent less serious forms of myocarditis. Some possibilities as 
to the mechanism of ventricular tachycardia are mentioned. Possible causes 
for the myocarditis in this case are discussed briefly. 
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The Adams-Stokes Syndrome During Normal Sinus Rhythm and Transient 
Heart Block. |. The Effects of Isuprel on Patients With the Adams-Stokes 
Syndrome During Normal Sinus Rhythm and Transient Heart Block 


Sidney P. Schwartz, M.D., and Lewis S. Schwartz, M.D.,* New York, N. Y. 


The purpose of this study was to determine the effects of Isuprelt on patients 
with Adams-Stokes seizures resulting from ventricular asystole during transient 
heart block or in the presence of normal sinus rhythm. Isuprel has been found 
to exert a beneficial effect on patients with syncopal seizures due to carotid sinus 
cardioinhibitory reflex,!? and on those in whom cessation of ventricular activity 
occurred during established atrioventricular block either as a result of ventricular 
4 slowing or stoppage*‘ or in the course of various forms of ventricular acceleration 
leading to transient ventricular fibrillation.® 

; It is stated* that the action of this drug consists primarily of an improvement 
A in the general conductivity, so that in some cases a diminution or correction of 
the atrioventricular block is to be expected, with stimulation and stabilization 
i of the sinus and atrioventricular pacemakers. 

In contrast to other epinephrine derivatives, Isuprel is not supposed to 
increase the blood pressure substantially, nor does the drug tend to initiate ven- 
tricular extrasystoles, ventricular tachycardias, or any cf the prefibrillatory 
states.’ 

More recently, isolated instances have been reported® in which periods of 
ventricular asystole occurring in the course of normal sinus rhythm were favor- 

. ably influenced by Isuprel, but after a variable interval an exacerbation of the 
attacks were no longer controlled by either this drug or any other medicaments. 
On the contrary, symptomatic relief appeared to have followed the withdrawal 
of medications when, with the establishment of complete heart block, ventricular 
asystole no longer developed. It may be worth while to call attention to some 
phases of the natural course of Adams-Stokes seizures during transient heart 
block. 


From the Medical Division, Montefiore Hospital, New York, N. Y. 
Received for publication Feb. 12, 1959. 

*Assistant Resident in Medicine, Montefiore Hospital. 
tIsoproterenol hydrochloride. 
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The Adams-Stokes Syndrome During Normal Sinus Rhythm and Transient 
Heart Block.—Recent summaries on the Adams-Stokes seizures during estab- 
lished heart block reveal a marked paucity of patients who showed this syndrome 
during sinus rhythm or transient heart block.’ Yet it is very likely that syncopal 
seizures due to ventricular asystole are much more common in such patients 
than has been suspected hitherto. Because of the presence of regular sinus 
rhythm between attacks, these patients are suspected of having other conditions 
responsible for their symptoms, such as cerebrovascular insults, brain tumors, 
or even hysterical manifestations. Gilchrist,*:* who has studied this type of 
paroxysmal ventricular standstill for many years, is under the impression that 
this syndrome forms a distinct clinical entity, and that such patients react dif- 
ferently in many respects in the development of their seizures than do others 
who are prone to Adams-Stokes attacks. 

Prolonged studies on these patients have revealed at times a very “‘labile’”’ 
and unstable state during which attacks of unconsciousness would occur with 
monotonous regularity, though abruptly and in an unpredictable manner. At 
times the periods of ventricular asystole would appear only during the sinus 
rhythm. At other times a period of 2:1 heart block would precede for some time 
the ventricular stoppage. Yet at other intervals complete heart block was the 
forerunner of such attacks, only to alternate after a syncopal seizure with sinus 
rhythm again. No matter what therapeutic measures were instituted, including 
electrical stimulation of the heart with a pacemaker, they availed only tempo- 
rarily in aborting these attacks. The intimate factors responsible for these 
‘labile’ states are still unknown. At such times the use of Isuprel was often 
associated with a rapid conversion of the transient heart block, whether complete 
or partial, to normal sinus rhythm, and the further use of the drug would seem 
to prevent the return of ventricular asystole. At other times the use of Isuprel 
resulted in a series of events that precipitated Adams-Stokes seizures or other 
arrhythmias, so that the medication had to be discontinued. These events were 
very disturbing and have not been described hitherto. It is this action of Isuprel 
that we wish to emphasize. 


METHOD OF STUDY 


Ten patients form the basis of this study. In each instance repeated observations revealed 
the underlying cardiac mechanism responsible for the syncopal seizures to be asystole of the ven- 
tricles, either during transient heart block or in the presence of normal sinus rhythm. All patients 
were kept in the electrocardiographic circuit for long periods at a time, and records were obtained 
as often as it was deemed necessary, prior to, during, and subsequent to the use of the drug. All 
records were taken with standard Lead II only. Between ten to twenty separate observations 
were carried out on each patient in all stages of the disease. 

Blood pressure readings were obtained at stated intervals during normal sinus rhythm as 
well as during heart block. 

The only drug used was Isuprel, as tablets in doses of 10 mg. sublingually, or ampules in 
doses of 0.2 mg. to each cubic centimeter injected either subcutaneously or intramuscularly. 
Comparisons were made with the intramuscular injection of epinephrine hydrochloride (1:1000) 
solution in doses of 1 c.c. under as similar circumstances as was possible in the same patient. 

Unless otherwise specified, these studies were carried out with the patients in a semireclining 
position in bed in order to eliminate the effects of additional postural changes on the cardiac 
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rhythm. Previous observations had revealed that sitting, standing, and the left and right lateral 
reclining postures were known to influence the rhythm of the heart in some of these patients. 
Other experiments were performed with the patients in the sitting posture or standing abruptly 
from a reclining posture at 5-minute intervals after the use of Isuprel. 

Since the type of periodic breathing that is frequently present after Adams-Stokes attacks 
has likewise been found to influence the rhythm of the heart, only observations obtained during 
normal respiration were included in the protocols. 

Patients with transient heart block due to infection or infarction of the heart or to excessive 
doses of digitalis bodies were omitted from the study. 


RESULTS 


The Systemic Effects of Isuprel—Aside from an occasional intolerance to 
the drug because of mouth sores and flushing of the face, with mild sweats, 
tremors, and a sensation of pounding in the chest, the most distressing symptom 
that followed the use of Isuprel was pulmonary edema. This appeared in only 
one patient, within from 14 to 20 minutes after the drug was taken sublingually 
and in less than 5 minutes after its subcutaneous use. In the same patient, 
pulmonary edema developed after the use of epinephrine hydrochloride. It 
was obvious from these results that he could not tolerate any of the sympathomi- 
metic drugs. Eventually, because of the increasingly frequent recurrence of 
Adams-Stokes attacks, he sought admission to another hospital where the use 
of Isuprel and epinephrine hydrochloride again caused pulmonary edema ending 
in death. 

The Conversion of Heart Block to Normal Sinus Rhythm With Isuprel.—Iin 
all ten patients, Isuprel was found to convert either a transient complete or 2:1 
heart block, when present, to a normal sinus rhythm, indicating the temporary 
nature of these cardiac arrhythmias when they appeared after Adams-Stokes 
seizures. One or two tablets at the most, or 1 c.c. of the solution was sufficient 
to cause conversion to the normal rhythm. This appeared within from 6 seconds 
to 20 minutes, as could be judged from the acceleration of both the atrial and 
ventricular rates, and depended in part on how soon after the presence of heart 
block the drug was used. 

The mechanism of conversion to sinus rhythm took place through the inter- 
mediary changes in the pacemakers of the lower centers of the heart, with re- 
current shifts from one bundle to another (compare in Fig. 1,A with B, and in 
Fig. 6,C with D), and with the occasional interposition of beats arising in the 
A-V node itself. As variations of the QRS complexes continued from dextro- 
grams to levograms with the increase in ventricular rate, supraventricular re- 
sponses began to appear, at first singly (Fig. 1,F) and then in succession, each 
one preceded by a normal P-R interval. After the recurrent presence of some 
forms of interference with dissociation, sinus rhythm replaced the heart block 
(Fig. 1,7). More often, conversion from heart block to normal sinus rhythm 
developed through a progressive acceleration of both the atrial and ventricular 
rates, with the ventricular complexes remaining the same shape, size, and form, 
indicating their origin on one focus (Fig. 2). 

Occasionally, premature beats of the atria and ventricles interrupted the 
sequence of events, but they were never sufficient in number as compared with 
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the onset of tachycardias of the ventricles when epinephrine hydrochloride was 
used on the same patient. 

Frequently, the ventricular rate during sinus rhythm was elevated to 160 
beats per minute (Fig. 1,/) in the conversion from heart block to normal. In 
the presence of such rapid ventricular rates two patients complained of chest 
pains, so that the drug had to be discontinued until the tendency for the ap- 
pearance of these rapid rates had subsided. At times the condition would last 
for 1 or 2 days after the patients had experienced successive Adams-Stokes sei- 
zures over a short period. Anginal seizures were never noted during the slower 
ventricular rates, so that the action of Isuprel upon the heart was not in itself 
a factor in the production of pain, as is known to occur with epinephrine hydro- 
chloride. 


Fig. 1.—Complete heart block after an Adams-Stokes seizure during sinus rhythm converted to 
sinus rhythm with Isuprel. A, Control record, 2:30 p.m.; pacemaker in left bundle. 3B, After Isuprel, 
2:46 p.m.; pacemaker in right bundle. C, 2:48 p.m. D, 2:55 p.m. E,F,G,H, 2:58 p.m. to 3:15 p.m. I, 
4:12 p.m.; sinus rhythm. 


Isuprel had no effect upon the rate or rhythm of three patients in whom 
the block became permanent with ventricular rates averaging 28 beats per min- 
ute. In this respect, Isuprel may be used to make a differential diagnosis of the 
cardiac mechanism underlying Adams-Stokes attacks. A return to normal 
rhythm is to be expected when the heart block is transient. 

Progressive Slowing of the Ventricles With Adams-Stokes Seizures Following 
the Use of Isuprel.—In two patients, at a time when they were free from syncopal 
seizures and when their cardiac mechanism revealed a 2:1 heart block, the use 
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of one tablet of Isuprel resulted in a transitory but further reduction in the 
ventricular rates. This progressive, enhanced slowing lasting as long as 10 
minutes at a time was sufficient to yield syncopal seizures similar to those ob- 
served in the natural course of the disease (Table 1). For example, the ventricu- 
lar rate of one patient, at a time when he was free from attacks for at least 12 


Fig. 2.—Conversion of 2:1 heart block after an Adams-Stokes seizure during sinus rhythm 
to sinus rhythm through progressive slowing of the ventricular rate. (See Table I.) 
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hours, averaged 37 beats per minute in the presence of a 2:1 heart block (Fig. 2,A). 
The atrial rate was 70 beats. Within 1 minute after the use of the drug the 
ventricles slowed to 30 beats, with the atria averaging 100 beats per minute 
(Fig. 2,B). Within the next half hour, despite a reduction in the atrial rate 
to 83.4 beats per minute, there appeared a sudden lowering of the ventricular 
rate to 20 beats per minute, and syncopal seizures developed (Fig. 2,D). These 
lasted on and off for the next 10 minutes, and then both the atrial and ventricular 
rates increased progressively until normal sinus rhythm supervened, 1 hour 
and 12 minutes after the beginning of the experiment (Fig. 2,G). However, 
the 2:1 heart block returned abruptly within 10 minutes, and eventually the 
basic rate of 27 beats per minute reappeared 4 hours after the use of the drug 
(Fig. 2,77). 

Several possibilities are suggested for this sequence of events. In the “‘labile’”’ 
state there exists in some of these patients an unusually sensitive carotid sinus 
cardioinhibitory mechanism in the presence of heart block. Not only could a 
further slowing of the atria and ventricles be produced with digital pressure 
over the carotid artery but there also resulted “‘ paradoxical’”’ responses in which, 
instead of a slowing of the heart, there ensued an acceleration with return to 
sinus rhythm. 

It is said that Isuprel does not influence the systemic pressure substantially.? 
Yet it is very likely that in the presence of a sensitive carotid sinus mechanism 
not much of an elevation of the blood pressure within the carotid artery is needed 
to stimulate the cardioinhibitory reflex. No essential difference was noted in 
this respect between Isuprel and epinephrine hydrochloride. 

Again, in studying the action of atropine sulfate on patients with heart 
block, attention was called to an early and transitory slowing of the ventricles 
as a result of the use of this drug, independent of its action on the atrial rate.!° 
It was assumed that atropine may act directly upen the vagus nucleus so as to 
stimulate it and thus slow the ventricles before an acceleration takes place from 
the blocking action of the drug on the A-V node. The possibility that a some- 
what similar mechanism may result from the use of Isuprel must be considered. 
This may account for its transient inhibitory action on the A-V node so early 
after its use. 


TABLE I 
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It has been well known since Erlanger’s observations" and confirmed by 
others both experimentally and clinically that an acceleration of the atria in 
the presence of a diseased A-V node may cause a stoppage of the ventricles. 
This increase in atrial rate must be abrupt, progressive, and need not be more 
than a few beats in duration in order to fatigue the A-V node very rapidly. Since 
the atrial rate increased prior to the development of ventricular asystole, this 
possibility is the likeliest one responsible for the events described. 


Sudden Onset of Ventricular Asystole During Sinus Rhythm Due to Supra- 
ventricular Tachycardias After Isuprel——In two other patients, however, who 
received Isuprel during the early phases of their ‘‘labile’’ state during sinus 
rhythm in order to prevent the stoppage of the ventricles, the ventricular rate 
was accelerated abruptly from 80 to 127 beats per minute. The rhythm was 
at first irregular because of alternate premature beats of the atria, but was soon 
replaced by a supraventricular tachycardia with a regular rhythm arising, very 
likely, in the A-V node (Fig. 3,A). 

With the onset of this type of tachycardia, there soon developed, at first, 
isolated blocked atrial beats, and these were followed soon by periods of ven- 
tricular asystole of sufficient duration to cause syncopal attacks. This type of 
irregular heart action lasted for over 3 hours, with Adams-Stokes seizures being 
registered repeatedly in this interval (Fig. 3,C, D). As the effects of the Isuprel 
wore off at the end of this period, the rhythm returned to normal at a rate of 80 
beats. The use of epinephrine hydrochloride on another occasion resulted in 
similar changes in this patient. 

Ventricular Asystole Occurring in the Upright Posture With Isuprel.—There 
are a few instances reported in the literature in which a partial heart block (either 
Type 1 or Type 2) has been found to develop with a change from reclining position 
to the upright position, and vice versa. Only a few of these give a history of 
experiencing Adams-Stokes seizures in the upright position. Unfortunately, 
in none of these was there recorded the alterations in the cardiac mechanism 
that might have been responsible for these attacks.” 

In our series of ten patients there were three males and one female who 
exhibited changes from a normal sinus rhythm to heart block with a change to 
the upright posture, and in the other two in the reclining posture. 

In one patient the repeated use of Isuprel to prevent the development of 
ventricular asystole resulted in the appearance of complete heart block with a 
maximum ventricular rate of 50 beats per minute. Despite this rapid ventricular 
rate during complete heart block, each time he was asked to stand up from a 
sitting or reclining position, there appeared asystole of the ventricles with Adams- 
Stokes seizures. When Isuprel was omitted, he merely developed a 2:1 heart 
block on arising (Fig. 4,£). 

Further studies are needed to explain this unusual phenomenon, since hydro- 
static changes, a sensitive carotid sinus mechanism, and alterations in the cardiac 
mechanism due to oxygen want may all play a part in ventricular stoppage at 
such times. The possibility that Isuprel may sensitize the heart so as to facilitate 
these changes in the presence of a diseased A-V node must likewise be considered. 
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Progressive Slowing of the Ventricles With a Change in the Pacemaker of the 
Bundles of the Heart After Isuprel—There are some observations that the syn- 
drome of transient heart block with Adams-Stokes seizures may occur more 
frequently in patients with bundle branch block even though the P-R interval 


Fig. 6.—Isuprel converted a complete heart block (A) to sinus rhythm 
(G) followed by atrial flutter. 


Fig. 7.—Isuprel converted a 2:1 heart block (A) tosinus rhythm (C) 
and then to atrial fibrillation (2). 
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may be within normal range. Stokes" is firmly convinced that if a patient gives 
a history of syncopal attacks and shows in his electrocardiogram the pattern 
of a bundle branch block with a normal conduction interval, it may be assumed 
that his seizures are the result of ventricular asystole during transient heart 
block or in the presence of normal sinus rhythm. 

It was pointed out above that in the transition from heart block to normal 
sinus rhythm, Isuprel stimulated the pacemakers of the heart so that alternating 
right and left bundle impulses were present before sinus rhythm set in. Stimu- 
lation of the right bundle pacemaker by Isuprel in three patients resulted in a 
progressive slowing of the ventricular rate until ventricular asystole ensued 
(Fig. 5,4). Conversely, when the left bundle was the predominant pacemaker, 
as could be judged by changes in the QRS complexes from dextrograms to levo- 
grams, the ventricles accelerated until sinus rhythm appeared (Fig. 5,B). 

Isuprel as a Cause of Atrial Flutter and Fibrillation.—In three patients Isu- 
prel caused the appearance of atrial flutter (Fig. 6,H) or atrial fibrillation (Fig. 
7,E) with a rapid ventricular rate when the drug was used in the presence of 
heart block or sinus rhythm to prevent asystole of the ventricles. The appearance 
of these arrhythmias was unpredictable, for they occurred in one patient three 
times after the use of the drug and never again during a period of observation 
lasting 5 years. Each time the rapid ventricular rate was slowed with digitalis 
leaf, and conversion to normal followed. 

In one patient, atrial flutter appeared in the change from heart block to 
sinus rhythm after the Adams-Stokes seizures had been present for one-half 
hour and Isuprel had been given subcutaneously to stop the attacks. In another 
patient, recurrent periods of atrial flutter interrupted the heart block and dis- 
appeared 1 hour after Isuprel had been given sublingually. 


DISCUSSION 


These observations reveal some unique and “ paradoxical’ responses to 
sympathomimetic drugs of patients with Adams-Stokes seizures during normal 
sinus rhythm or transient heart block. Instead of preventing syncopal attacks 
due to asystole of the ventricles, these drugs may precipitate them at times. 
There appears to be no distinction between Isuprel and epinephrine hydrochloride 
in their action on such patients, except that epinephrine has a tendency to initiate 
ventricular tachycardias in the transition from heart block to normal rhythm. 

Judging from the few necropsies that are available on such patients, it is 
obvious that each patient has some form of organic disease of the A-V node and 
its branches due, in most instances, to fibrosis resulting from nutritional dis- 
turbances and poor arterial supply to conduction tissues. 

The A-V conduction mechanism is a very sensitive neuromuscular structure, 
yet it must be durable to be able to withstand complete destruction over so many 
years in some of these patients. It is very likely that an intermittent interference 
with the blood supply to the bundle branches yields the periodic ‘‘lability’’ during 
which these patients are subject to ventricular asystole. In this “‘labile’’ state 
the A-V conduction mechanism becomes unusually sensitive to influences that 
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affect the extrinsic nervous mechanism of the heart. The duration of the stimulus 
and its intensity are dependent on the state of the A-V node and its branches at 
any one time. Such a condition may be very fleeting or may last longer. This 
could account for freedom from seizures for long intervals even in the absence 
of any medication, a phenomenon well recognized by other students of this 


subject." 
Other factors such as deep breathing, changes in posture, exertion, and 


asphyxial states, as well as drugs, may precipitate or augment these patients’ 
sensitivity. The unpredictable and abrupt development of such influences, 
which may appear singly or in groups, separately or simultaneously, make the 
treatment of these patients a difficult task that is well deserving of further studies. 


SUMMARY AND CONCLUSIONS 

A study was made of the effects of Isuprel on 10 patients who were subject 
to Adams-Stokes seizures during the presence of sinus rhythm or transient heart 
block. The action of this drug was compared with that of epinephrine hydro- 
chloride under circumstances as similar as was possible in the same patient. 

The development of Adams-Stokes seizures in these patients was found to 
be associated with an unpredictable “‘labile’’ state in which the heart revealed 
a marked sensitivity to extrinsic nervous responses and other factors that in- 
fluenced the action of drugs at such times. 

Flushing of the face, sweating, mild tremors, and pounding in the chest 
were some of the systemic manifestations. In one patient, pulmonary edema 
appeared repeatedly after the use of these drugs. 

In all 10 patients it was possible with Isuprel to convert a transient partial 
or complete heart block to normal sinus rhythm, but in 5 of the 10 patients it 
was impossible to maintain this rhythm for any length of time with the use of 
this drug. In this respect, Isuprel may be used to differentiate the cardiac mech- 
anism underlying syncopal attacks in patients with heart block. In those in 
whom heart block is permanently established, Isuprel may merely accelerate 
the atrial and ventricular rates without influencing the block. 

In 2 patients, at repeated intervals in the conversion from heart block to 
sinus rhythm, Isuprel caused the appearance of tachycardias of 160 beats per 
minute. These rapid ventricular rates were associated with anginal seizures 
that lasted for several hours until the effects of the drug wore off. 

In 2 patients, Isuprel caused a progressive slowing of the ventricles from 
an average of 50 to 20 beats per minute with the onset of Adams-Stokes seizures 
at a time when the drug was used to convert a 2:1 heart block to normal rhythm. 
A sensitive cardioinhibitory carotid sinus reflex, acceleration of the atria, or a 
direct action of Isuprel upon the vagus nucleus are some of the factors to be 
considered as responsible for these changes at such times. 

In 2 patients, Isuprel caused recurrent periods of ventricular asystole with 
Adams-Stokes seizures as a result of the development of rapid heart rates due 
to atrial premature beats as nodal tachycardias. The effects of rapid ventricular 
rates upon a diseased A-V node and its branches is the likeliest explanation for 
these events, 
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In 1 patient the abrupt change in posture from a reclining to an upright 
position caused standstill of the ventricles and Adams-Stokes seizures, even 
though the drug had increased the ventricular rate during complete heart block 
to 50 beats per minute. 

In the conversion of heart block to sinus rhythm, Isuprel has been found 
to stimulate the lower pacemakers of the bundles in an irregular manner. In 3 
patients, during the “‘labile’’ state, the appearance of right bundle branch block 
was associated invariably with a progressive slowing of the ventricles until 
asystole supervened. Again, an acceleration of the ventricles with the disap- 
pearance of the heart block ensued when the left bundle was stimulated by the 
drug. 

Atrial flutter and atrial fibrillation developed in 3 patients following the 
use of Isuprel. These arrhythmias appeared during heart block as well as after 
sinus rhythm had already been established. Digitalis had to be used to abolish 
the arrhythmias when the ventricular rates were very rapid. 

During the “‘labile’’ state it was found impossible at times to prevent the 
appearance of ventricular asystole at the development of Adams-Stokes seizures 
with any amounts of Isuprel. 

The inconstant, unpredictable, and abrupt appearance of such manifesta- 
tions in patients with Adams-Stokes seizures suring the “‘labile’’ presence of 
sinus rhythm and transient heart block is indeed unique and accounts in part 
for the failure of sympathomimetic drugs to relieve these patients of their symp- 
toms. 

When the heart is in a “‘stable’”’ state, there is no need for the use of any 
drugs in such patients. Some of these have remained free from seizures without 
any medication for intervals as long as 5 years. 
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Experimental and Laboratory Reports 


Clinical Evaluation of a New Esophageal Electrode, With Particular 
Reference to the Bipolar Esophageal Electrocardiogram 
Part |. Normal Sinus Mechanism 


G. Daniel Copeland, M.D.,* I. Frank Tullis, M.D., and Daniel A. Brody, M.D. 
Memphis, Tenn. 


According to a principle first enunciated almost 70 years ago by Waller,! 
the scope of conventional clinical electrocardiography may be seriously limited 
by the fact that it is restricted to the registration of differences in potential pro- 
duced on the surface of a volume conductor by an electrical generator contained 
within the volume conductor. In order to circumvent these limitations it has 
been common practice in fundamental research electrocardiography to record 
direct epicardial and transmembrane potentials in open-chest preparations.?~® 
These techniques have also been applied successfully to human beings at the 
time of open-chest surgery.*~® 

Percutaneous epicardial electrocardiography, however, would probably be 
too hazardous for common clinical use. The great veins and the bronchial lumina 
offer a relatively safe pathway for approaching the heart, but their use for this 
purpose requires a somewhat complicated and time-consuming technical pro- 
cedure. 

On the other hand, the esophagus offers a relatively harmless and convenient 
route for introducing a sensing electrode into the juxtacardiac region of the 
electrical field produced by the heart. Furthermore, although the region avail- 
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able to the esophageal electrode is relatively limited, it is a region which may 
be comparatively “‘blind’’ in the conventional electrocardiographic lead combi- 
nations. 

The first known esophageal electrocardiogram was recorded in 1906, by 
Cremer,!° who passed a 10 by 1.5-cm. electrode into the esophagus of a professional 
sword swallower. Most of the published reports on esophageal electrocardi- 
ography have dealt with results obtained by the “unipolar” technique. !!-!4:16-20.22-6 
However, in 1935, Luisada™- reported a study of bipolar esophageal electro- 
cardiograms (i.e., electrocardiograms obtained by recording the difference in 
potential between two metallic electrodes located 1 cm. apart in the esophageal 
lumen). Following Luisada’s# review article on the subject in 1940, the bipolar 
esophageal technique was virtually abandoned until Kistin and Bruce* called 
attention to some of its possible merits in a recent publication. 

During the past several years in this laboratory we have been actively in- 
terested both in advanced concepts of heart-lead relationships and in the de- 
velopment of a simple but effective salt-bridge technique® for the registration 
of unipolar esophageal leads. It occurred to us that these two fields of interest 
might be united profitably in the development of a systematic study of the princi- 
ples and clinical usefulness of bipolar esophageal electrocardiography. 

Accordingly, we developed a new type of bipolar esophageal electrode in 
which were incorporated the desirable features of the previously described uni- 
polar electrode. During the past 18 months this electrode has been employed 
on 100 occasions in a systematic study of 96 subjects. The fundamental princi- 


ples evolving from this project have been described in a companion paper.™ 
In the present report we deal with the findings derived from the study of 26 
subjects with normal sinus rhythms. We employ here the underlying principles 
together with purely empirical observations, in what is essentially a clinical 
evaluation of bipolar esophageal electrocardiography. 


METHODS AND MATERIALS 


The bipolar esophageal electrode is constructed from a standard, soft-rubber Miller-Abbott 
tube* (see Fig. 1). It consists, in essence, of a 150-cm. length of double-lumen tubing with a 
lead of No. 32 stainless steel suture wire running the length of each lumen and anchored into a 
specially constructed plastic obturator tip. A side opening, 1 mm. in diameter, is punched into 
each lumen near the distal end of the assembly. The longitudinal distance between the centers 
of these two holes is 2 cm., and they are oriented approximately 180 degrees apart (see Fig. 2). 

When in use, each lumen of the electrode assembly is filled with physiologic saline solution. 
Under these circumstances each of the punched-out side openings, filled with saline solution, serves 
as a pickup electrode. The resistance of each of these electrodes is approximately 750 ohms. 

The metallic connector assembly with which the original Miller-Abbott tube is provided is 
of considerable value in the construction of the esophageal lead. This assembly is separated into 
its individual components by applying a hot soldering iron to it. The pieces of metallic tubing 
are employed to complete the proximal end of the esophageal lead. Inserted into the respective 
proximal ends of the lumina, they serve as anchors to which the stainless steel lead wires are sol- 
dered. Since they also accept the male end of a standard two-way hypodermic syringe valve, 
they are quite useful in filling the lumina with saline solution, and then maintaining the desired 
column of the solution. 


*Size 16-Fr., Bittner, New York, N. Y. 
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We employed a direct-writing, four-channel electrocardiograph* routinely in this study. A 
special auxiliary unit was constructed which contained a Wilson central terminal (composed of 
three matched 68,000-ohm resistors) and a lead selector switch. This unit also provided a cable 
to each of the four extremities of the patient, a connection to each of the two esophageal lead 
terminals, and an input cable to each of the four electrocardiographic channels. The potentials 
at the proximal and distal members of the esophageal electrode pair were recorded as unipolar 
leads in the “A” and “B”’ channels, respectively; the difference in potential between the two 
electrodes was recorded as a bipolar esophageal lead in the “‘C’’ channel; and the desired Einthoven 
lead (usually Lead II) was recorded in the “D’’ channel. The bipolar esophageal connection was 
so arranged that an upward deflection of the tracing occurred when the proximal electrode was 
more positive than the distal electrode. 

The standard clinical procedure was, first, to anesthetize lightly the nasopharynx on the 
desired side with a pernasal spray of 2 per cent Pontocaine hydrochloride solution. The subject 
was instructed to hold his breath while the nose was being sprayed, and then to swallow any ma- 
terial which accumulated in the back of the throat. No more than 1 c.c. of anesthetic solution 
was employed in any of the procedures; no instances of drug reaction occurred. 

The esophageal electrode was then passed and advanced until the midpoint of the esophageal 
electrode pair reached the desired distance beyond the nares. Since the study of atrial electrical 
activity was the purpose of this study, this distance was usually about 47 cm. Thus, in many 
individuals the electrode assembly was not introduced into the esophagus to a depth sufficient 
for thorough study of the ventricles. 


RESULTS IN NORMAL SINUS MECHANISM 


Among the multichannel, multilevel esophageal lead surveys which we per- 
formed, 10 subjects (Group I) had neither historical nor clinical evidence of 


heart disease. A typical survey of Group I is shown in Fig. 3, which demon- 
strates many of the salient features of both unipolar and bipolar esophageal 
leads. 

As the esophageal electrode is withdrawn in steps of 1 cm., the unipolar trac- 
ings (rows VEp and VEp) exhibit the normally expected metamorphosis.!8:!9:5-27 
The bipolar tracings, however, exhibit a decidedly different type of progression, 
which, as will be shown later, forms the basis for certain uniquely valuable diag- 
nostic properties of the bipolar lead. 

Inspection of the bipolar tracings (row BE) indicates that the main deflec- 
tion of the atrial complex rather abruptly reverses direction between the 39- and 
40-cm. levels. We designate this region of abrupt reversal, which is seen to be 
intimately associated with the unipolar transitional form, as the level of bipolar 
atrial transition. We find that this type of bipolar transition, with the atrial 
complexes predominantly positive below, invariably occurs in subjects with a 
sinus mechanism. In general, bipolar transition is located as critically as shown 
in Fig. 3, although occasionally a 2-cm. increment in the location of the tube is 
required to pass through transition. 

As explained in the companion paper,™ the prime requisite for bipolar tran- 
sition is that the wave of atrial activation reach both electrodes of the esophageal 


*Sanborn Poly-Viso, Sanborn Company, Waltham, Mass. 

tFig. 3 also shows a secondary bipolar atrial transition between the 41- and 42-cm. levels. This 
type of transition is not intimately associated with the level of unipolar atrial transition; it fails to occur 
in some subjects with a normal sinus mechanism; and it appears thus far to possess no special clinical 
diagnostic importance. Therefore, no further reference will be made to it in this report. 
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lead at the same time. Furthermore, the configuration of the atrial complex to 
either sidgvof transition reflects relative phase lag in the arrival of atrial acti- 
vation at‘yhe respective member electrodes of the lead assembly. Accordingly, 
bipolar esgphageal leads recorded from the transitional region should be criti- 
cally a to even minor alterations in the time course of atrial depolarization. 
This prediction was substantially confirmed by observations on subjects with 
disordered-/atrial mechanisms. 

Another potentially valuable diagnostic property of the bipolar esophageal 
lead lies %n its ability to augment P-wave amplitude while minimizing the QRS 
deflection. This property is best illustrated in Lead BE-39 of Fig. 3, in which 
it is seem.that the peak-to-peak amplitude of the atrial deflections is approxi- 
mately five times that of the ventricular complex. The prospective special merit 
of this situation should be the relative simplicity of sorting atrial from ventricular 
deflections when they happen to occur simultaneously. This has not only proved 
to be the,case but we have usually found it possible in such circumstances to 
distinguish between normal sinus beats and atrial impulses which are either 
retrograde or ectopic. 

An additional 16 subjects (Group II) had a normal sinus mechanism through- 
out their esophageal lead surveys, but presented evidence for some other type of 
cardiac abnormality. All of the subjects in Group I fell within the semivertical 
and vertical categories of electroposition. In Group II the electroposition ranged 
from horizontal to vertical. The importance of the electrical position of the 
heart in determining the configuration of the esophageal ventricular complex 
has been noted.?6 34,48 

Postero-anterior and lateral roentgenograms of the chest were made in 10 
subjects of Group I and 4 subjects of Group II with the escphageal electrode 
assembly located at the level of bipolar atrial transition. These films were re- 
viewed by a senior radiologist who interpreted them as showing the midpoint of 
the esophageal electrodes in apposition to the left atrium in all instances. It 
was the radiologist’s further impression that the electrode was located at the 
same levél as the left atrial center of gravity in 8 subjects, 1 cm. above in 1 subject, 
2 cm. above in 1 subject, 1 cm. below in 2 subjects, and 2 cm. below in 2 subjects. 
These observations, interpreted in terms of the pertinent heart-lead relation- 
ships,™ indicate that bipolar esophageal leads recorded from the vicinity of atrial 
transition provide virtually pure proximity electrograms of the left atrium. 

In order to correlate the bipolar esophageal lead with the unipolar and ex- 
tremity leads, measurements were made at the level of bipolar atrial transition 
(transitional), 4 cm. above this level (supratransitional), and 4 cm. below the 
transitional level (infratransitional). Measured in detail were: (1) P-wave 
amplitude, (2) QRS-complex amplitude, (3) P-wave duration, (4) P-R interval, 
(5) atrial phase lag (relative delay in onset of P waves in the esophageal Jeads as 
compared to Lead II), and (6) time of onset of the atrial intrinsicoid deflection 
as measured from the beginning of atrial deflection. These data are presented 
in TableI. It is apparent that the atrial transitional level, recorded in centimeters 
from the nares, was similar in the two groups, in both unipolar and bipolar leads. 
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As anticipated, Table I shows that the amplitude of atrial deflection is much 
greater at all three levels of the esophageal leads than it is in Lead II. In ad- 
dition, the atrial deflections tend to be larger in the bipolar esophageal leads 
than in the unipolar. At the infratransitional levels the unipolar atrial deflections 
are relatively small and tend to assume a rounded contour without a well-de- 


Fig. 1.—Photograph of the bipolar esophageal lead assembly which is constructed from double- 
lumen gastrointestinal tubing. The illustration shows the specially constructed plastic obturator, and 
the more distal of the two side openings. The proximal portion of the assembly is covered with braided 
metallic shield in order to minimize the possibility of electrical interference from power lines, etc. Fur- 


ther description in text. 
— 2em.—>| 
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Fig. 2.—-Construction detail of the distal end of the esophageal lead assembly. A loop of stainless 
steel wire runs throughout the length of each lumen of the tubing, and is anchored in the plastic obtura- 
tor tip. In use, each lumen is filled with a column of physiologic saline solution. Each of the small, sa- 

ine filled side openings serves as a pickup electrode. 
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marcated intrinsicoid deflection, indicating a loss of proximity effect. At supra- 
transitional levels there is also some reduction of amplitude, but the loss of 
proximity effect is less marked. 

Table I also shows that the duration of the atrial deflection is significantly 
less in both unipolar and bipolar esophageal leads than it is in Lead II. A corol- 
lary observation is that the onset of atrial deflection occurs significantly later 
in the esophageal leads than in Lead II. These findings are compatible with 
the proximity-lead concept of esophageal tracings, and are therefore in accord 
with Brown’s!*-!® observations that esophageal leads rather closely approximate 
direct epicardial registration from the atrium. 

As shown in Table I, unipolar esophageal leads produce some magnification 
of the peak-to-peak QRS deflections as compared to Lead II, but even greater 
magnification of P deflections. Therefore, the P:QRS ratio is considerably greater 
in the unipolar esophageal leads than in the extremity leads. This is simply a 
way of stating in numerical terms that unipolar esophageal leads render the 
atrial complex easily visible. 


40 39 38 37 36 
Distance from Nares~ cm. 


Fig. 3.—A typical mu!tichannel, multilevel esophageal lead survey obtained from a normal subject. 
The four leads were recorded simultaneously. Excess material has been trimmed away, and the cut- 
tings remounted in correct temporal alignment. Further description and discussion in text. 


Application of the same numerical index to the bipolar esophageal leads 
indicates that they possess this property to an even greater degree than do the 
unipolar esophageal leads. At the optimum level of registration the P:QRS 
ratio ranges from 1 to 7 (average = 2.7), as compared to mean values of 0.10 and 
0.07 in Lead II of Groups I and II, respectively. Despite the near-cancellation 
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of ventricular deflections produced by the bipolar technique, it was nevertheless 
not difficult to recognize the QRS deflections in all of the subjects of Groups I 
and II. In dealing with arrhythmias, bipolar registration at various esophageal 
levels was occasionally required to distinguish between atrial and ventricular 


deflections. 


TABLE I. COMPARATIVE ANALYSIS OF THE TIME AND AMPLITUDE RELATIONSHIPS BETWEEN 
BrirpoLaR EsopHaGEAL (BE) Leaps, UNIPOLAR ESOPHAGEAL (VE) Leaps, AND Leap II 


MEASUREMENT 


Age (years) 


Transitional Level (cm.) 
Lead BE 
Lead VE 


P-Wave Amplitude (mm.) 
Lead II | 
Lead BE 

Transition 7 
Supratransition 4. 
Infratransition 3 
Lead VE 
Transition 
Supratransition 19. 
Infratransition 4 


QRS Amplitude (mm.) i 
Lead II 8 2 .0-23.0 
Lead BE 

Transition 6.3 2.0-19.0 | 8.1 0.5-36.0 : 
Supratransition 2.8 1.0-5.0 | 4.6 2.0-12.0 
Infratransition 14.6 3.0-32.0 | 16.5 |  2.0-50.0 
Lead VE 
Transition 24.5 16.5-31.5 | 23.8 10.0-47.5 & 
Supratransition 19.5 | 13.0-26.5 | 18.6 9.0-32.5 
Infratransition 27.0 10.5-40.0 27.9 10.5-48.0 


P:QRS Ratio | | 


Lead II | 0.096 0.04-0.15 | 0.072 0.02-0.12 

Lead BE | 
Transition 1.65 | 0.42-6.67 | 2.61 | 0.08-15.0 
Supratransition 1.81 | 0.67-4.00 | 1.59 | 0.33-4.00 
Infratransition 0.379 | 0.03-1.33 | 0.663 | 0.04-2.33 

Lead VE | | | 
Transition 0.343 | 0.12-0.58 | 0.412 | 0.07-1.93 ; 
Supratransition 0.271 | 0.065-0.80 | 0.381 | 0.03-1.60 i 
Infratransition 0.175 | 0.07-1.43 0.246 | 0.06—-0.80 


The time of onset of the intrinsicoid deflections was measured in the eso- 
phageal leads, and the phase relationships between them calculated. Although 
the phase differences in the onset of intrinsicoid deflections are numerically small, 
they are of considerable theoretical and practical importance. When the onset 
of the intrinsicoid deflection in the proximal unipolar lead precedes that in the 
distal lead by a slight time interval, the main atrial deflection in the bipolar 


GROUP I (10 PATIENTS) GROUP II (16 PATIENTS) 
MEAN RANGE MEAN | RANGE 
24 13-32 43 15-88 
35.4 28--39 
0.72 0.2-1.0 
7.0 1.0-17.0 
2.0-16.0 
0.5-8.0 
8.25 3.0-19.0 
18.5 9.0-32.5 
11.4 2.0-9.0 
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esophageal lead is a sharp negative spike with a very short time base. Con- 
versely, reversal of the phase relationship in the unipolar lead produces a sharp 
positive atrial spike in the bipolar lead. Consequently, the direction and relative 
amplitude of the atrial spike in the bipolar lead are intimately related to the phase 
relationships between the unipolar atrial complexes, and for this reason depend 
upon the direction of the atrial impulse at each level of registration. Accordingly, 
the direction and amplitude of the bipolar atrial spike, especially when recorded 


TABLE I. COMPARATIVE ANALYSIS OF THE TIME AND AMPLITUDE RELATIONSHIPS BETWEEN 
BIPOLAR ESOPHAGEAL (BE) LEApDs, UNIPOLAR ESOPHAGEAL (VE) LEApDs, AND LEap II—Cont’p 


MEASUREMENT 


GROUP I (10 PATIENTS) 


GROUP II (16 PATIENTS) 


RANGE MEAN RANGE 
P-Wave Duration (sec.) 
Lead II 0. 0.04-0. 0.08 0.04-0.12 
Lead BE 
Transition 0. 0.02-0. 0.05 | 0.03-0.07 
Supratransition 0. 0.03-0. 0.045 0.03-0.06 
Infratransition 0. 0.02-0. 0.05 0.01-0.08 
Lead VE 
Transition 0. | 0.04-0. 0.06 | 0.025-0.105 
Supratransition 0. 0.045-0. 0.06 0.04-0.08 
Infratransition 0. 0.04-0. 0.06 0.02-0.09 
P-R Interval (sec. ) 
Lead II 0. 0.10-0. 0.17 0.16-0.20 
Lead BE 
Transition 0. 0.08-0. 0.13 0.09-0.17 
Supratransition 0. 0.08-0. 0.13 | 0.10-0.16 
Infratransition 0. 0.11-0. 0.13 | 0.08-0.19 
Lead VE 
Transition 0. | 0.10-0. 0.13 0.055-0.17 
Supratransition 0. 0.085-0. 0.14 0.10-0.18 
Infratransition 0. 0.09-0. 1: 0.135 | 0.095-0.18 
P-Wave Phase Lag (sec.) 
(Esophagus vs. Lead IT) 
Lead BE 
Transition 0. 0.01-0 0.05 | 0.03-0.10 
Supratransition 0. 0-0. 0.04 0-0 ..08 
Infrantransition 0. 0-0. 0.04 0-0 .07 
Lead VE 
Transition 0. 0.01-0. 0.04 0.015-0.075 
Supratransition 0. 0-0. 0.03 0-0 .07 
Infratransition 0. 0.01-0 0.03 0-0 .065 
Onset Time of Intrinsicoid | 
Deflection (sec. ) | 
Lead BE 
Transition 0. 0.01-0. 0.03 (12) 0-0.05 
Supratransition 0. 0.02-0. 0.03 (13) 0.01-0.06 
Infratransition 0. 0.01-0. 0.02 (16) 0.01-0.04 
Lead VE 
Transition 0. 0.02-0. 0.035 (16) 0.015-0.055 
Supratransition 0. 0.015-0. 0.03 (12) 0.015-0.045 
Infratransition 0. 0.01-0.0: 0.03 (12) 0.01-0.06 


*Number of patients are given in parentheses. 
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near the transitional level, tend to be critically responsive to ectopic beats. In 
the case of retrograde impulses the bipolar atrial spike tends to reflect the an- 
ticipated reversal of phase relationship between the unipolar leads. 

Deviations of the P-R segment of as much as 2.0 mm. above or below the 
base line were frequently demonstrated in the bipolar leads in both groups of 
subjects. These deviations were associated with only minor deviations from the 
base line (of the P-R segment) in the standard body surface leads. 

A great deal has been written concerning the wave of atrial repolarization™-*° 
(called T, wave by most authors, after Hering®). Although this wave could be 
detected frequently in the bipolar esophageal leads of many subjects in this 
series, the T, wave was not amplified to a degree even approaching the magnifi- 
cation of atrial depolarization deflections. (A well-defined T, wave is shown 
in Fig. 3, BE-40 to BE-42.) In those tracings with nearly complete cancellation 
of QRS the T, wave was neither consistently demonstrable nor was it unusually 
well demarcated. 


DISCUSSION 


The bipolar esophageal lead is simply a time-based record of the difference in 
potential between the two member electrodes of the lead assembly. In essence, 
therefore, it is the algebraic difference, VEp — VEp, between the two unipolar 
leads. Theoretically, it should contain no information which is not inherently 
present in simultaneous registration of the two unipolar leads. From the practi- 


cal point of view, however, we find that the bipolar esophageal lead does possess 
considerable special merit. This situation is highly comparable to the special 
diagnostic merit, in posterior myocardial infarction, of Lead III (which is Lead 
II — Lead I) and/or Lead aVy (which is Lead II — % Lead I), as compared to 
Leads I and II alone. 

Two salient features of the bipolar esophageal lead have already been pointed 
out. One of these is its ability to produce near-cancellation of the ventricular 
deflections while at the same time augmenting the amplitude of the atrial de- 
flections. This property makes it easy to sort atrial deflections from ventricular 
deflections when the two of them occur simultaneously. The other salient feature 
is the occurrence of a critically located level of atrial transition, with its attendant 
uniform property, in sinus mechanisms, of the atrial deflection being predomi- 
nantly positive below the level of transition and predominantly negative above 
transition. Since both the occurrence of transition itself and the predictable 
order of atrial wave morphology through transition are critical indicators of 
phase relationships at the two esophageal electrodes, the bipolar lead provides 
a sensitive means of detecting alterations in the time course of atrial depolari- 
zation. In general, we have found that information of this type is much more 
readily apparent in the bipolar than in the simultaneously recorded unipolar 
esophageal leads. Ectopic atrial contractions could be recognized by bipolar 
registration in some situations in which their morphology in the unipolar eso- 
phageal leads was essentially the same as that of sinus beats. 

In developing the bipolar lead assembly described here we had some mis- 
givings because the two sensing electrodes were, in effect, located on opposite 
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sides of a structure that was 5 mm. in diameter. Fortunately, this circumstance 
did not seem to interfere with the desired function and reliability of the device. 

Luisada™-*.2! believed the bipolar lead to be optimal for the study of left 
atrial activity, and it now seems well established that esophageal leads are semi- 
direct electrograms of the left atrium. However, mostly on the basis of lead-field 
considerations, we doubt Luisada’s claim that a tongue-to-xiphoid lead possesses 
genuine specificity for the registration of right atrial activity. 

Apparently, an esophageal electrode located in the vicinity of atrial tran- 
sition is insensitive to the initial and terminal forces of atrial depolarization. 
Lacking complete information, we find it difficult to reconstruct the exact ana- 
tomic and electrical relationships responsible for this situation, but it is almost 
certainly the correct interpretation of the delayed onset and short time base of 
unipolar esophageal P waves as compared to the P waves of Lead II. The same 
consequences are reflected, of course, in the bipolar esophageal leads. 

The time of onset of the atrial intrinsicoid deflection in this series was sig- 
nificantly shorter than has been reported previously. The mean time of onset 
of the intrinsicoid deflection in all esophageal electrodes was 0.03 second in both 
our groups of normal sinus mechanisms, at all three of the positions analyzed 
(range, 0.01 to 0.08 second; see Table I). Kistin and associates?* reported a 
time of onset of the intrinsicoid deflection in the atrial complex of 0.03 to 0.08 
second, with a mean of 0.056 second. Hecht*® gives an average value of 0.05 
second in normal individuals for the interval from the onset of P in Lead V; 
to the onset of the intrinsicoid deflection in the simultaneously recorded atrial 
esophageal leads. Enselberg?* reported intrinsicoid deflections occurring from 
0.04 to 0.06 second after the beginning of atrial activity. On the other hand, 
Foster and Thayer** report esophageal P waves with a duration of less than 0.04 
second, implying a more rapid onset of intrinsicoid deflection than was observed 
by us. We are unable to account for these differences. 

The sizable base-line deviations of the P-R segment which we observed in 
our normal subjects pose some interesting questions, since deviations of com- 
parable magnitude occurring in the extremity leads have been offered as a cri- 
terion for the diagnosis of atrial infarction, both experimental®:7°.*!-® and clini- 
cal. §7,68,72,74-76,79,88 Similar P-R deviations in extremity leads have also been 
ascribed to arterial hypertension®® and pulmonary emphysema.*® The duration 
of the P-T, interval, as is the case with the Q-T interval, depends upon the heart 
rate, and normally varies from 0.15 to 0.45 second.® Therefore, the initial por- 
tion of the P-T, segment forms the P-R segment. Accordingly, early onset of 
the T, deflection, such as appears in the report of Sprague and White,® in 1924, 
may cause apparent deviation of the P-R segment in normal subjects. The oc- 
currence of such deviations might well be the atrial counterpart of the so-called 
early repolarization phenomenon which has been described in connection with 
ventricular activity. When P-R deviations of this genre occur in esophageal 
leads, we feel that they must almost certainly be reflected in the extremity leads, 
but with much less magnitude because of the loss of proximity effects in the ex- 
tremity leads. 
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Clinical Evaluation of a New Esophageal Electrode, With Particular 
Reference to the Bipolar Esophageal Electrocardiogram 
Part Il. Observations in Cardiac Arrhythmias 


G. Daniel Copeland, M.D.,* I. Frank Tullis, M.D., and Daniel A. Brody, M.D. 
Memphis, Tenn. 


In previous reports from this laboratory!? we described a relatively simple 
and reliable method for recording esophageal electrocardiograms, and developed 
a body of fundamental principles which pertain specifically to this particular 
branch of electrocardiography. Part I* of the present communication describes 
certain technical advances which permit registration of bipolar as well as unipolar 
esophageal tracings. It also contains a report on detailed studies of atrial ac- 
tivity in normal and abnormal subjects with normal sinus mechanism. In this 
section of the study we present our findings in cardiac arrhythmias, as culled 
from 74 multilevel, multichannel esophageal lead surveys which exhibited one 
or more types of mechanism disorder. 

The various abnormalities encountered are listed according to category in 
Table I. The left-hand column of Table I lists the number of records according 
to the one diagnosis which was considered to be of primary interest in each record. 
The right-hand column includes the records of all disorders, and shows that 
169 records of such disorders were encountered. 

Premature ventricular contractions comprised one fourth of all abnormal 
mechanisms, and was the primary diagnosis in 14 out of 74 records. Retrograde 
conduction to the atria was recognized in 9 of 42 instances of premature ven- 
tricular beating. The bipolar esophageal lead proved helpful in recognizing 
retrograde conduction because of the features of phase discrimination and aug- 
mented P:QRS ratio described in Part I* of this report. From an opposite point 
of view, the bipolar lead prevented an erroneous diagnosis in a subject who 
showed a P wave sandwiched between an antecedent ventricular premature beat 
and a ventricular beat with apparent aberrant conduction: The diagnosis of a 
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reciprocal ventricular beat was initially considered, but the bipolar esophageal 
lead showed that the interposed atrial beat almost undoubtedly originated at 
the sinoatrial node. 

As might be expected, the conventional electrocardiogram alone sufficed 
for the quick and accurate diagnosis of many abnormal mechanisms. In other 
instances, in which the correct diagnosis was suspected from the conventional 
leads, the esophageal leads provided strong confirmatory evidence. In still 
other cases the essential diagnostic information was contained only in the eso- 
phageal leads. In this latter group the bipolar esophageal lead tended to be 
more informative than the unipolar, but not invariably so. In order to give some 
perspective of the relative merits of conventional and esophageal leads in sub- 
jects with interesting or unusual arrhythmias, a number of illustrative examples 
are presented below, together with pertinent comments. In each example the 
various leads (VE proximal, VE distal, bipolar esophageal leads, and Einthoven 
Lead II or III) were recorded simultaneously and remounted in their original 
temporal alignment after excess material had been trimmed away. 

Fig. 1 illustrates a case of atrial bigeminy in which the diagnosis is readily 
discernible in all of the leads. However, an additional and unexpected finding, 
which is apparent with certainty only in the bipolar esophageal lead, is the oc- 
currence of electrical alternans of the QRS complexes. We interpret this as 


TABLE I. CLASSIFICATION OF MECHANISM DISORDERS ENCOUNTERED 
IN 100 ESOPHAGEAL LEAD SURVEYS 


PRIMARY DIAGNOSIS TOTAL NUMBER OF 
MECHANISM DISORDER (CASES) DIAGNOSES (CASES) 


12 


Sinus tachycardia 17 


Atrial premature beats 
Atrial premature beats, blocked 
Atrial bigeminy 

Atrial tachycardia 

Atrial flutter 

Atrial fibrillation 

Reciprocal beats (atrial) 
Wandering pacemaker 
Ventricular premature beats 
Ventricular bigeminy 
Ventricular parasystole 
Ventricular tachycardia 
Retrograde conduction 
Retrograde block 

1° A-V block 

2° A-V block 

\Wenckebach phenomenon 
3° A-V block 

A-V dissociation 

Nodal premature beats 
Nodal rhythm 

Nodal tachycardia 
Wolff-Parkinson-White syndrome 
Electrical alternans 
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Total 
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indicating that slight aberration of intraventricular conduction occurs in as- 
sociation with each beat of extrasinus origin. Furthermore, the unipolar eso- 
phageal lead, VE-43, shows two interesting features which appear worthy of 
special mention: (1) There is significant depression of the P-R segments which 
follow atrial beats, P, of sinus origin. This suggests that the atria are exhibiting 
the phenomenon of so-called early repolarization, perhaps related to the extra- 
systolic compensatory pauses. (2) The time base of the atrial premature beats, 
P., is 0.12 second or longer, as compared to a normal average value of 0.05 second 
in our series. This suggests that the premature atrial impulses encounter a sort 
of “intra-atrial block.’’ In order to explain this observation we do not feel 
obliged to invoke the existence of specialized conducting tissue in the atria; rather, 


VE43 


BE42 


Fig. 1.—A case of atrial bigeminy which, in addition to the basic arrhythmia, illustrates electrical 
alternans of the ventricular complexes, intra-atrial ‘‘block,’’ probable early repolarization phenomenon 
of the atria, and large T, deflections. Further discussion in the text. 


we feel that the broadening of the P, waves is due more likely to a combination 
of an irritable focus in one portion of the atria, with delayed spread of the atrial 
impulse due to relatively slow recovery of irritability in other portions of the 
atria. Following each of the atrial extrasystoles, VE-43 shows considerable 
elevation of the S-T segment take-off. This could be related to the aberration 
of intraventricular conduction, but it is at least equally likely that it is due to 
the occurrence of a sizable T, deflection. 

Fig. 2 is an interesting example of two ectopic atrial beats, Px; and Pxo, 
emanating from different foci. This diagnosis is evident in all esophageal leads, 
but in Lead II, while the second ectopic beat is readily recognized, the first ectopic 
beat is buried in the preceding T wave without appreciably altering its contour. 
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Therefore, on the basis of a routine Lead II rhythm strip alone the QRS complex 
which follows P,; might be erroneously diagnosed as a premature nodal beat. 
This possibility for error was obviated by use of the esophageal lead. 

Fig. 3 is an example of atrial tachycardia (rate 176 per minute) with first 
degree A-V block and occasional blocked A-V conduction followed by a rela- 
tively short P-R interval. This tracing is of special interest because of the bi- 
zarre ORS complex, apparent only in the bipolar esophageal lead, which follows 
each episode of blocked atrioventricular conduction. The special peculiarity 
of each of these bizarre complexes consists of a tremendous exaggeration, Rap, 
of the terminal, positive spike as compared to the relatively small terminal, 
positive spike which is present in the remainder of the QRS complexes. Because 


Fig. 2.—Ectopic atrial beats (P,; and P,z) which emanate from two different foci. The second 
ectopic beat is clearly recognizable in Lead II, whereas the first one is not. The possibility of erroneously 
diagnosing the latter as a nodal premature beat is avoided by use of the esophageal lead technique. 


of the nearly exact spacing between the three R,} spikes (2.16 seconds between 
the first and second, and 2.20 seconds between the second and third) it is tempt- 
ing to entertain a possible diagnosis of atrial parasystole in this case. Another 
possibility is that, following each of the shortened P-R intervals, a period of 
supernormal conduction occurs at a time which is appropriate for accepting a 
re-entrant impulse from the atrioventricular junctional tissue. If this inter- 
pretation were correct, the R,, spikes of Fig. 3 would represent reciprocal atrial 
beats. However, it seems most likely to us that the R,, spikes represent aber- 
rant intraventricular conduction following each of the blocked ventricular beats. 

Fig. 4 is a rather classic example of atrial flutter with an atrial rate of 340 
beats per minute, and a 2:1 block of atrioventricular conduction. The bipolar 
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esophageal lead illustrates this mechanism disorder in a particularly striking 
manner since all electromotive activity except that due to atrial depolarization 
is virtually cancelled out, leaving a residue of relatively huge flutter waves (f). 
This example is fairly typical of our cases of atrial flutter, indicating that this 
type of disorder is characterized by a large number of atrial depolarization forces 
acting in concert. In contrast, atrial fibrillary activity observed in esophageal 
leads frequently is not of much greater amplitude than that recorded in the 
precordial leads V; and V2. This observation is in accord with the concept that 
the depolarization forces in atrial fibrillation occur in a disorganized, segmental 
fashion, rather than in unison. 


VE46 


BE45 


Fig. 3.—A case of atrial tachycardia with first degree atrioventricular block and an occasional 
nonconducted impulse. The P-R interval after each of the nonconducted impulses is relatively short, 
and is followed by a bizarre ventricular complex which is characterized by the occurrence of a large, posi- 
tive, terminal spike, R,,. In the text several possible explanations of these bizarre QRS complexes are 
discussed, but it seems most likely that they represent aberrant intraventricular conduction. 


Fig. 4 poses some interesting questions regarding the nature of the repolari- 
zation forces in atrial flutter. It is rather remarkable that the T, waves are 
essentially of the same magnitude in Lead III as in the unipolar esophageal 
leads, even though the latter are proximity leads. We believe this is due to the 
fact that repolarization does not occur as a propagated impulse, but rather as a 
diffuse process which, for each segment of atrial myocardium, is spread out over 
a long period of time as compared to local passage of the depolarization process. 
Since atrial flutter is a rapid mechanism, total repolarization must occur rela- 
tively quickly, producing a sizable T, deflection in the extremity leads. On the 
other hand, because the repolarization front is broad and diffuse, it does no’ 
produce a strikingly large deflection in the unipolar esophageal lead. In th« 
example shown in Fig. 4 the repolarization process affects both unipolar eso 
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phageal electrodes almost identically with respect to amplitude and phase, pro- 
ducing virtual cancellation of the T, deflection in the bipolar esophageal tracing. 
This suggests that in atrial flutter the atrial repolarization process may not 
pursue the same anatomic course as the wave of depolarization, and consequently 
the electrical gradient of the atria is not necessarily zero. 

In Fig. 5, reading from left to right, one observes five normal P-QRS se- 
quences. The remainder of the record shows three sequences of reciprocal atrial 
beating. Each sequence is initiated by a premature atrial beat, Px, which is 
followed after a prolonged transmission time by a ventricular response of un- 
altered form. Each of these three ventricular beats is followed rather promptly 
by a retrograde (reciprocal) atrial beat, P,. In this illustration the retrograde 
nature of the reciprocal beats is strikingly apparent from the reversed direction 
of the P, spikes in the bipolar esophageal leads. An additional atrial ectopic 
beat, Px’, is seen which does not produce a reciprocal beat because there has 
been adequate time for recovery of the junctional tissue. 


| 


Fig. 4.—A classic example of atrial flutter in which the flutter waves, f, are demonstrated most 
strikingly in the bipolar esophageal lead. As discussed in the text, an analysis of the various leads 
presented here seems to shed some significant light on the nature of the atrial repolarization forces in 
flutter, as well as the depolarization forces. 


Fig. 6 shows a case of nodal tachycardia with retrograde atrial beats. The 
alternative interpretation of sinus or atrial tachycardia with prolonged P-R 
interval is excluded by other portions of the record in which short periods of 
complete asystole are followed directly by the characteristic QRS-P sequence 
shown in Fig. 6. Furthermore, we observed a reversal of the normal order of 
changes in P-wave morphology as the esophageal electrode was withdrawn 
through the level of bipolar atrial transition. As explained earlier, this circum- 
stance alone strongly suggests the diagnosis of retrograde atrial beats. 
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In contrast to the unipolar esophageal leads, the bipolar tracing, BE-34, 
depicts rather clearly the nature of the final atrial beat, Px, which appears in the 
illustration. Without the help of the bipolar esophageal tracing one might be 
tempted to conclude that the pacemaker had shifted temporarily from a “‘low’’ 
to a “high”’ or ‘“‘mid”’ nodal site. Lead BE-34, however, shows a complete re- 
versal of the final atrial spike, Px, thus making it reasonably certain that the 
final atrial beat is of supranodal origin even though it is superimposed on the 
terminal portion of the QRS complex. 


Fig. 5.—Illustration of three reciprocal beats of the atrium (P,-QRS-P, ‘‘sandwiches’’) which are 
initiated by ectopic atrial beats. A fourth ectopic beat, P,’, fails to elicit a reciprocal atrial response 
because it happens to be only slightly premature. Further discussion in text. 


Fig. 7 illustrates the occurrence of retrograde atrial beats, P,, in a case of 
complete antegrade atrioventricular block. We observed that retrograde atrio- 
ventricular conduction occurred in this subject only when the preceding P-R 
interval fell somewhere within the range of 0.35 to 0.40 second. This observation 
indicates that the phenomenon of retrograde conduction probably depends upon 
the development of a transient phase of supernormal excitability. It should be 
remarked that this is one example in which an interesting and rather unusual 
atrial disorder is displayed more vividly in the unipolar than in the bipolar eso- 
phageal leads. On the other hand, the bipolar leads present the T, deflection 
more clearly than it appears in the unipolar leads. It should also be added that 
the correct diagnosis was not convincingly evident in the conventional electro- 
cardiogram, although it was unmistakable in a high-fidelity electrocardiogram 
recorded at 75 mm. per second. 

Fig. 8 is considered to be an instance of ventricular tachycardia with 2:1 
block of retrograde (ventriculo-atrial) conduction. The subject was a 63-year-old 
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white man who suddenly developed a regular tachycardia of 186 beats per minute 


3 weeks after an acute posterior myocardial infarction. This is an especially 
good example of cancellation of ventricular complexes in the bipolar esophageal 


VE33 


VE35S 


BE34 


Fig. 6.—Nodal tachycardia with retrograde conduction (recorded at a paper speed of 50 mm. per 
second). In this example the bipolar esophageal electrocardiogram is particularly valuable in establish- 
ing that the final atrial complex, P,, is of supranodal rather than ‘‘mid’’ or “high’’ nodal origin. 


+ 


VE44 


Fig. 7.—A case of complete antegrade atrioventricular block with occasional retrograde, P,, con- 
duction to the atria. On conventional electrocardiography this case was originally diagnosed erroneously 
as complete A-V block with positive chronotropism. However, the correct diagnosis was clear on @ 
Lead II rhythm strip recorded on a high-fidelity electrocardiograph at a paper speed of 75 mm. per sec- 
ond. 
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lead, although this particular feature of itself does not add significantly here to 
the ease of diagnosis. The conventional electrocardiogram shows wide ventricu- 
lar complexes and a small, notched deflection superimposed on the ascending 
limb of every other beat. The esophageal leads confirm the impression that the 
notching represents atrial activity. The bipolar esophageal lead shows a positive 
deflection of 0.36 second’s duration following each atrial beat. This deflection 
is probably due to atrial repolarization (T, wave) and is most readily discernible 
in the bipolar lead because of the near-cancellation of the ventricular complexes. 


Fig. 8.—A case of ventricular tachycardia with 2:1 block of retrograde (ventriculo-atrial) conduc- 
tion. In this example the bipolar esophageal lead, as compared with the corresponding unipolar leads, 
adds nothing material to the ease or correctness of the diagnosis. However, the bipolar esophageal 
lead does show sizable T, deflections which are not clearly recognizable in any other of the leads, and 
might therefore be of some special value if the clinical significance of the atrial repolarizationforces were 
better understood. 


As the esophageal electrode was withdrawn progressively, the order of transition 
was reversed; that is, the bipolar atrial complexes were negative below the tran- 
sitional level and positive above it. This suggests very strongly that the atrial 
complexes in the subject are indeed the product of retrograde conduction. 


DISCUSSION 


The value of esophageal leads for studying cardiac arrhythmias is now well 
established. In the preceding report? which dealt primarily with the lead-vector 
and lead-field principles as they apply to the interpretation of esophageal elec- 
trocardiograms, the bipolar esophageal lead was shown to possess two unique 
properties of special clinical value: (1) In recording from the level of atrial 
transition it is strikingly sensitive to even minor variations in the time course 
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of atrial depolarization. (2) It greatly facilitates determination of the timing 
and direction of atrial activation in situations in which such information ordi- 
narily would be obscured by the concomitant occurrence of ventricular depolari- 
zation. The illustrations shown are presented as evidence of the clinical value 
of this lead in arrhythmias, both simple and complex. 


The marked variation in morphology of the ectopic atrial beats shown in 
Figs. 1 through 3 exemplifies the special sensitivity of the bipolar lead to such 
events. In our cases of atrial flutter, in addition to accentuation of P with simul- 
taneous diminution of QRS, the bipolar lead also tended to cancel the large 
undulations attributable to T, waves. 


Reciprocal beating, a fascinating and uncommon arrhythmia, consists of 
an impulse re-entry occurring after the impulse presumably has followed a cir- 
cuitous pathway through the atrioventricular junctional tissue. The hypothetical 
circumstances required to produce reciprocal beats have some recent experi- 
mental confirmation in the study of Moe and associates‘ on the dual nature of 
transmission through the junctional tissue. Animal experiments more than 25 
years ago showed that in certain circumstances, parts of the conduction system 
of the frog’s heart may allow orthograde conduction, whereas in other parts, 
only retrograde conduction is possible.’ Classically, the sequence of reciprocal 
beating is initiated by a premature beat of the atria, ventricles, or A-V node,’ 
but in the case recently presented by Eldridge® a rhythmic sinoatrial pacemaker 
seemed to be responsible. We agree with Eldridge that the distinction between 
coupled atrial premature systoles and reciprocal beating is not easily made. 


Retrograde (ventriculo-atrial) conduction, related to reciprocal beating, 
is illustrated in various situations by Figs. 6 through 8. Daniélopolu and Danu- 
lesco®!° are thought to have been the first workers to suggest retrograde con- 
duction as an explanation for inverted P waves occurring in standard leads during 
A-V block. Retrograde conduction in complete atrioventricular block is un- 
common, but probably not rare, since Winternitz and Langendorf" reported a 
series of 25 cases compiled from their own records and from the literature. In 
addition, Kistin and Landowne,” reporting on the incidence of retrograde con- 
duction to the atria from ventricular premature contractions, found this phe- 
nomenon in 15 of 33 unselected individuals studied with the unipolar esophageal 
lead. More recently, Bussan, Torin, and Scherf™ reported a similar study of 
35 patients (also with ventricular premature contractions), using the esophageal 
electrode, and found that in 25 subjects a sinus tachycardia prevented the oc- 
currence of retrograde conduction. Retrograde conduction was found, however, 
in 8 of 9 subjects with ventricular extrasystoles and a slow sinus rhythm. 

Ventricular tachycardia with retrograde conduction has been reported a 
number of times'*-!6 since Scott’s!’ initial report in the early twenties. In 1950, 
Foster and Thayer!® reported a similar case which they studied with the eso- 
phageal lead technique, and also reviewed the literature on the subject. Of the 
81 cases which they reviewed, approximately half failed to exhibit discernible 
atrial activity, 18 showed an independent atrial mechanism, 14 showed atrial 
fibrillation, and 9 exhibited retrograde conduction. Three cases out of this last 
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group seemed to show 1:1 retrograde conduction, whereas the remaining 6 showed 
partial block of the retrograde impulses. Our case (Fig. 8) falls into the latter 
category. 

On taking the long view of this report, it can be said to constitute both a 
clinical trial of the bipolar esophageal electrode and a comparative study of the 
clinical utility of the bipolar esophageal lead, the unipolar esophageal lead, and 
the Einthoven lead in the diagnosis of cardiac arrhythmias. We have found the 
bipolar electrode to be superior in many instances. The previously voiced ob- 
jection" to the bipolar esophageal lead, i.e., that the cancellation of the ventricu- 
lar complex may prove a disadvantage rather than an advantage, can usually 
be obviated by changing slightly the level of the esophageal electrode. It is, 
of course, ideal to have a simultaneous standard lead for reference, but our ex- 
perience shows that in most situations encountered the paucity of information 
derived from the standard lead relevant to atrial activity serves to emphasize 
the usefulness of the bipolar esophageal lead. 


SUMMARY 


1. The application of the salt-bridge method of esophageal electrocardio- 
graphic registration to the development of a simple and clinically reliable bipolar 
esophageal lead has been outlined. The results of multichannel, multilevel 
esophageal lead surveys made with this device upon 26 subjects with normal 


sinus mechanism and 74 with various cardiac arrhythmias are reported here. 
The leads which were routinely recorded simultaneously in these surveys include 
unipolar registration from the proximal and distal members of the lead assembly 
(VEp and VEp), the difference in potential between these two members (Lead 
BE), and a conventional extremity lead (usually Lead II). 

2. A careful and extensive analysis of the group of subjects with normal 
sinus rhythm confirms that both the unipolar and bipolar esophageal leads greatly 
exceed the capability of conventional body surface leads in depicting the forces 
of atrial depolarization and repolarization. In this group the bipolar esophageal 
leads appeared to have certain advantages as compared to the unipolar leads, 
and in no instance did they prove inferior to the unipolar leads. 

3. In our evaluation of the group of subjects with cardiac arrhythmias 
the esophageal leads offered unsurpassable diagnostic superiority as compared 
to the conventional leads. In a number of cases the bipolar esophageal lead was 
decidedly better than the unipolar leads, although this was not invariably so. 

4. Our clinical observations of the unipolar and bipolar esophageal electro- 
cardiograms appear to confirm the theoretical principles which were previously 
developed in this laboratory. As anticipated, the bipolar lead has proved to be 
particularly sensitive to alterations in the time course of atrial depolarization. 
It also provides a ready means for sorting atrial from ventricular deflections, 
especially in situations in which they occur concomitantly. 

5. On the basis of the experiences reported here, we believe that no compli- 
cated or perplexing arrhythmia will have been studied adequately without the 
benefit of esophageal tracings. The relative technical simplicity of the salt- 
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bridge principle as applied to unipolar and bipolar esophageal registration greatly 
minimizes the demands which such a procedure would ordinarily impose upon 
the physician’s time and energy. 


The authors are indebted to Dr. David S. Carroll for the roentgenographic service and in- 
terpretation employed in this study. Dr. John M. Barron participated in the initial phase of the 
study. Mr. Morris Frazier served as technician, and aided in preparation of the illustrations. 
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Acetyl Strophanthidin Sensitivity in Dogs With Congestive 
Heart Failure 


Harry A. Bliss, M.D., and Robert J. Adolph, M.D.,* Chicago, Til. 


Serious cardiac arrhythmias due to digitalis preparations have been ob- 
served rarely in the normal human being except when many times the usual dose 
of the drug was taken with suicidal intent.’ On the other hand, such arrhyth- 
mias are a well-known hazard of the use-of digitalis in ordinary doses in patients 
with heart disease. This hazard, for unknown reasons, appears to be greater 
the more severe the heart disease.5-? We are reporting similarly increased sensi- 
tivity for arrhythmias, in this case caused by acetyl strophanthidin, in dogs 
with experimental congestive heart failure. 

Acetyl strophanthidin, an esterified aglycone of Strophanthus kombé, possesses 
inotropic properties in cardiac muscle similar to those of digitalis preparations.‘ 
K-strophanthoside is also similar to these compounds in its action on ventricular 
excitability and impulse conduction through various cardiac tissues.® Soloff'® 
reported that acetyl strophanthidin in normal human beings caused no arrhyth- 
mias in doses sufficient to produce serious cardiac toxicity in patients with heart 
disease. The drug therefore appears to be analogous to the digitalis glycosides, 
although it is more rapid in its action. 


METHODS 


The syndrome of congestive heart failure developed in mongrel dogs following the two-stage 
surgical production of tricuspid insufficiency and stenosis of the main pulmonary artery by a 
modification of the technique of Barger and co-workers." If ascites, the major clinical manifesta- 
tion of cardiac failure in these dogs, did not appear within 3 months of the second operation, the 
pulmonary artery was further narrowed at a third operation. 

These and similar animals in our laboratory have demonstrated, besides ascites, elevated 
right atrial mean pressure and right ventricular systolic and end-diastolic pressure, subnormal 
cardiac output, severely congested liver, dilated and thickened right ventricle, and increased 
heart weight: ascites-free body weight ratio. Congestive heart failure, resembling that seen in 
human beings, was diagnosed on the basis of this evidence and of data reported by Davis and 
associates”: and Barger and co-workers" in similar animals. 
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Fifteen normal dogs and 5 dogs with congestive heart failure were anesthetized with intra- 
venous sodium pentobarbital, 25 mg. per kilogram. The duration of appreciable ascites in the 
latter animals is noted in Table I. The electrocardiogram (Lead II) was recorded on a Sanborn 
Viso-Cardiette immediately before the intravenous administration of acetyl strophanthidin,* 
and afterward for the first 10 to 15 seconds of each minute for 18 to 20 minutes. Acetyl stro- 
phanthidin was given in saline over a 2-minute period. Zero time was taken to occur at the 
middle of this period. In dogs with congestive failure, the ascites-free weight was estimated and 
a dose of 0.03 mg. per kilogram of ascites-free weight given on the basis of this estimate. The 
true ascites-free weight was determined at the time of sacrifice, an average of 9 days later. The 
dose of acetyl strophanthidin per kilogram of true ascites-free weight is noted in Table I. All 
normal dogs received 0.03 mg. per kilogram of body weight. 

Samples of venous blood were drawn before and 8 minutes after the administration of acetyl 
strophanthidin. Concentration of serum potassium, noted in Tables I and II, was determined 
with a Perkin-Elmer internal standard flame photometer. The respiratory rate was noted each 
minute. 


RESULTS 


Four of the 5 dogs having congestive heart failure developed serious and 
prolonged toxicity following the administration of acetyl strophanthidin. The 
fifth animal showed no arrhythmia (Table I). Of 15 normal dogs receiving the 
same dose of the drug, none developed serious toxicity, although eight sporadic 
premature beats occurred in 2 animals during the procedure and were considered 
to be evidence of minor toxicity (Table II). The difference in incidence of major 
toxicity between the normal animals and those with congestive failure is statisti- 
cally significant (P < .01) by chi-square adjusted for continuity.“ 

In dogs with congestive failure and serious toxicity (Figs. 1 and 2), the heart 
rate slowed immediately after administration of acetyl strophanthidin. This 
relative bradycardia persisted without change in P-R interval. Soon, definitely 
abnormal QRS complexes appeared. These were not only different in configu- 
ration but wider than the control QRS, ranging from 0.06 to 0.10 second in du- 
ration. P waves were always visible at this time, and the aberrantly conducted 
ventricular beats were premature, often occurring in a bigeminal relationship 
to normal QRS complexes. 

The pacemaker originating the abnormal QRS complex then assumed control 
of the ventricles, usually at a slightly irregular rhythm, and always at a rate 
slightly faster than the sinus rate. Several forms of abnormal QRS complex, 
one form often alternating with a slightly wider form in a bigeminal relationship, 
the more abnormal QRS being slightly premature, were seen in each animal 
during the period of toxicity. P waves, with P-R interval less than control, 
occurred before each QRS complex early in the arrhythmia, but subsequently 
disappeared as the ventricular rate exceeded the atrial rate. On some occasions, 
regular P waves, at a rate slightly slower than that of the QRS complexes, re- 
curred, only to disappear once more. 

From time to time the arrhythmia was interrupted by a pause followed by 
a P wave giving rise to a normal QRS complex. After this event the arrhythmia 
resumed. In 2 animals the QRS duration reached 0.12 second, these complexes 


*Acetyl strophanthidin was kindly supplied by Dr. B. L. Martz and Dr. G. C. Chiu, Eli Lilly & 
Company. 
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Fig. 1.—Dog 2. Times after acetyl strophanthidin noted. a, Con‘rol. 
duration. 6, 1 minute. Bigeminy, premature QRS complexes, 0.08 sec. c 
tween two types of QRS complex, 0.06 sec. and 0.08 sec.; no P waves seen. 
reappear; P-R 0.06 to 0.09 sec.; QRS abnormal, 0.055 sec. 
complexes, 0.07 sec. f, 19 minutes. Sinus rhythm, QRS 0.05 sec. 


Sinus rhythm, QRS 0.05 sec. 
, 2 minutes. Alternation be- 
d, 11 minutes. P waves 
e, 17 minutes. Bigeminy, premature QRS 


888 


Le wy? _ACETYL STROPHANTHIDIN IN CONGESTIVE HEART FAILURE 


4 


Fig. 2.—Dog 3. Times after acetyl strophanthidin noted. a, Control. Sinus rhythm, QRS 0.06 
sec. duration. b, 4 minutes. Bigeminy, premature QRS, 0.09 to 0.10 sec.; preceding QRS is 0.08 sec. 
A-V dissociation occurs as pacemaker originating QRS of 0.12 sec. assumes control of ventricles at a 
rate slightly faster than sinus. c, 8 minutes. QRS 0.12 sec.;no P wavesseen. d,11 minutes. Bigeminy, 
premature QRS complexes, 0.09 sec. e, 16 minutes. Sinus rhythm. QRS 0.06 sec. 
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in one dog persisting as a regular rhythm for 5 minutes, and in the other occurring 
as isolated premature beats. The arrhythmia waned in reverse order of its ap- 
pearance, with bigeminy occurring first, followed by regular sinus rhythm. 

If the arrhythmia occurred very early after administration of the drug, it 
persisted longer than in the animals in which its appearance was somewhat de- 
layed. The median time of arrhythmia averaged 10.5 minutes after acetyl! 
strophanthidin (range, 10 to 1114 minutes). 

In all normal animals and in one animal which had had demonstrable ascites 
for only 2 days, sinus rhythm persisted following acetyl strophanthidin, with 
the minor exceptions noted in Table II. Sinus slowing and T-wave changes 
usually associated with digitalis effect occurred after administration of the drug 
in these animals in at least the amount seen in dogs with congestive failure. 

Mean control and 8-minute concentrations of serum potassium were not 
significantly different in the two groups of dogs. The normal dogs, however, 
showed by ‘‘t”’ test" a significant rise (P < .001) in concentration of serum po- 
tassium after the administration of acetyl strophanthidin, while the animals 
with congestive heart failure showed an insignificant rise (P > .3). The two 
groups therefore differed significantly in concentration response of serum po- 
tassium to acetyl strophanthidin. 

Respiratory rate in both groups of animals generally fell immediately after 
the administration of acetyl strophanthidin, reaching a minimum about 3 min- 
utes later and recovering during the next few minutes. In 2 of the 4 animals 
showing serious arrhythmias, respirations had returned to normal when toxicity 
was at its peak. 


DISCUSSION 


In our animals with congestive heart failure, A-V dissociation appeared 
when a pacemaker in the A-V node or below developed a rate faster than that 
of the sinus node. This arrhythmia was always preceded by sinus slowing but 
in no instance by prolongation of the P-R interval. Bigeminy occurred before 
complete A-V dissociation. The pacemaker originating the premature beat in 
the bigeminal rhythm subsequently gained full control of the ventricles when 
A-V dissociation appeared. In each animal these ventricular complexes were 
different from those in the control in form and duration, the latter varying from 
0.06 to 0.12 second. 

It is possible that the pacemaker controlling the ventricles in this arrhythmia 
was located in the A-V node or bundle of His, and that its impulses were con- 
ducted with abnormal slowness to the ventricles, resulting in QRS prolongation. 
In this event, one might expect to see gradual prolongation of all QRS complexes 
before A-V dissociation began. Since this was not the case, however, it is more 
likely that the ventricular complexes originated either in ordinary myocardial 
cells, separated by various distances from the conduction network, or in ven- 
tricular Purkinje fibers variably distant from the bundle of His. With either 
possibility, slight reduction of Purkinje conduction velocity could materially 
add to the QRS prolongation caused by the abnormal location of the pacemaker. 
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Slight changes in location of the pacemaker could cause the variations in QRS 
form and duration seen in individual animals. 

In human beings with heart disease similar arrhythmias may be seen. Bigem- 
iny, of course, may follow the administration of digitalis. When A-V dissoci- 
ation appears, normal QRS complexes may be present,” but slight to profound 
QRS abnormalities occur in some patients, especially those with seriously dam- 
aged hearts.'*-'* In clinical usage these arrhythmias are usually labeled as ven- 
tricular tachycardia or nodal tachycardia with aberrant intraventricular con- 
duction. A-V dissociation is, of course, a requisite for their appearance. In 
some reported instances,” after the appearance of bigeminy the pacemaker 
originating the ventricular premature beat intermittently captured complete 
control of the ventricles in a regular rhythm faster than that of the sinus node. 
In other patients,?°-* two pacemakers generating abnormal QRS complexes 
have alternated with each other during the period of A-V dissociation. These 
events resemble those in our animals with congestive heart failure. 

At least two general mechanisms may be involved in the production of such 
arrhythmias in congestive heart failure by doses of acetyl strophanthidin that 
are nontoxic to normal individuals. First, more drug may be available to the 
heart in cardiac failure, and its action on body electrolyte equilibria may be dif- 
ferent than in normal individuals. Second, the failing heart may possess in- 
creased sensitivity to digitalis because of factors unique to its myocardial cells 
or because of nervous, humoral, or other factors, peculiar to the congestive 
failure syndrome, operating on these cells. 

The second mechanism has been invoked by most investigators.*-7 Some 
evidence may be adduced for the first, however. As Lown and his co-workers” 
have recently shown in normal dogs, about three times as much acetyl strophanthi- 
din is needed to produce ventricular tachycardia when the drug is injected into 
the portal vein as when it is given into a systemic vein. This appears to indicate 
that the normal liver renders a large fraction of the administered drug incapable 
of producing cardiac arrhythmias. That the congested liver in cardiac failure 
may perform this function inadequately is suggested by the subnormal ability 
of the congested or hypoxic liver to metabolize aldosterone, cortisol, and other 
steroids.” Digitalis and Strophanthus derivatives also have steroid nuclei. 

Our normal animals experienced a greater rise in the concentration of serum 
potassium after acetyl strophanthidin than did the dogs with congestive failure. 
It is possible that this effect may have contributed to preventing cardiac toxicity 
in normal animals, in view of the undoubted therapeutic action of potassium 
salts in digitalis-induced arrhythmias. Lown and associates** demonstrated 
a greater increase in the concentration of serum potassium when acetyl strophan- 
thidin was introduced into the portal circulation than when it was given into the 
systemic circulation. The congested liver, if incapable of metabolizing digitalis 
compounds normally, as suggested above, might therefore be partially responsible 
for the subnormal rise in the concentration of serum potassium. 

During the last decade, studies of the electrophysiologic properties of heart 
muscle have shed new light on the possibility of increased myocardial sensitivity 
in congestive failure to ordinarily nontoxic doses of digitalis. Using in situ dog 
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hearts, Moe and Mendez® showed that digitalis-like preparations probably did 
not slow conduction velocity in nonspecialized myocardial tissue but did so in 
Purkinje fibers. Swain and Weidner’ corroborated this finding in the dog heart- 
lung preparation and observed that occasionally, just before ventricular fibril- 
lation occurred, the Purkinje system no longer conducted impulses faster than 
the ordinary muscle fibers. 

The sinus node and the Purkinje tissue of the A-V node and ventricles are 
unique in that the resting membrane potential of their cells decreases slowly 
to a threshold level at which rapid depolarization occurs.** In an isolated rabbit 
atrium preparation, West®? demonstrated that the exact location of the pace- 
maker within the sinus node was determined by the rate of diastolic depolari- 
zation in individual cells in the node. The cells depolarizing fastest in diastole 
initiated the propagated disturbance which ultimately depolarized other cells 
of the sinus node as well as ordinary atrial muscle fibers. Coraboeuf and co- 
workers*’ showed that digitoxin can increase the speed of slow diastolic depolari- 
zation in canine Purkinje tissue. 

Decrease in rate of the sinus node, together with slowed conduction and 
increased rate of diastolic depolarization in Purkinje tissue following the ad- 
ministration of digitalis, favor establishment of a pacemaker in the A-V node 
or below. In normal human beings, however, as noted previously, huge doses 
of digitalis were needed to produce such pacemakers. Even in animals, in which 
anesthesia plays an unknown role, large doses of digitalis usually caused A-V 
block before an abnormal pacemaker took control of the ventricles.** Kobacker 
and Scherf® found that only after damaging one or both branches of the bundle 
of His would ordinary doses of digitalis produce a stable idioventricular pace- 
maker. 

Therefore, despite the possibility, noted above, that a larger than normal 
fraction of administered digitalis may be available to the heart in congestive 
failure, it is appropriate to examine the action of factors, unique to the damaged 
heart, which may act concertively with digitalis to establish ventricular pace- 
makers. 

Because of elevated diastolic filling pressure and subnormal ejection of 
blood, failing hearts are more than normally stretched. Dudel and Trautwein® 
showed that stretch produced rapid diastolic depolarization and local pacemaker 
formation in dog Purkinje fibers. Stretch and local pressure have been shown 
to cause increased rhythmicity in dog auricle* and frog sartorius.** Stretch 
would also be expected to decrease conduction velocity in Purkinje tissue by 
decreasing fiber diameter.*® If high concentrations of epinephrine are present 
in failing cardiac muscle, as indicated by Raab and Gigee,*’ this influence might 
also be expected to increase the rate of diastolic depolarization in Purkinje fibers.** 

In canine Purkinje fibers, anoxia has been shown to decrease conduction 
velocity, to speed diastolic depolarization, and to cause the appearance of new 
pacemakers.*® Fatigued isolated Purkinje fibers show faster diastolic depolari- 
zation than normal.*® Sodium cyanide and other agents blocking cell respiration 
may also produce more rapid diastolic depolarization.?* The importance of such 
factors as these for failing heart muscle in the intact animal is conjectural. The 
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rate of diastolic depolarization depends in part, however, on the adequacy of 
the sodium-pump mechanism for preventing sodium from entering the cell. 
This, in turn, depends upon oxidative metabolism and the availability of adeno- 
sine triphosphate, which may be subnormal, at least in some types of cardiac 
failure.*' 

These influences, by slowing the sinus node, by diminishing conduction 
velocity, and by increasing the rate of slow diastolic depolarization in the A-V 
node and Purkinje network, or by creating slow diastolic depolarization in ordi- 
nary ventricular muscle fibers, increase the likelihood of establishing a ventricular 
pacemaker in Purkinje tissue or in the myocardium itself. In diseased hearts 
such factors may add to the effect of digitalis to produce this end. 

Therefore, the state of both the liver and the myocardium may be important 
in explaining the low incidence of digitalis arrhythmias in normal animals and 
human beings, and the greater frequency of these events in congestive heart 
failure. 


SUMMARY 


Fifteen normal dogs and five dogs with experimental congestive heart failure 
were given standard doses of acetyl strophanthidin on the basis of ascites-free 
weight. Four animals with cardiac failure developed persistent atrioventricular 
dissociation with abnormal QRS complexes, whereas no normal dog showed a 
serious arrhythmia. The normal dogs demonstrated a greater rise in the concen- 
tration of serum potassium after acetyl strophanthidin than did the animals 
with congestive failure. 

Analysis of the electrocardiograms suggests that atrioventricular dissociation 
may occur as a result of simultaneous slowing of the sinus node, slowed conduction 
velocity in intraventricular conduction tissue, and increased rhythmicity of one 
or more foci in this tissue or in ordinary myocardial fibers. 

The available evidence suggests that physical, nervous, and chemical factors 
operating on the failing heart could explain its increased sensitivity to digitalis- 
like compounds. It is also possible that the congested liver makes a larger fraction 
of administered drug available to the heart and is incapable of producing the 
normal rise in the concentration of serum potassium after digitalis has been 
administered. 
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The Effect of Ganglionic Blockade on Venous Pressure and Blood Volume: 


Further Evidence in Favor of Increased Venomotor Tone in Congestive 


Heart Failure 


David H. Lewis, M.D.,* Manuel Cardenas, M.D.,** and 
Herschel Sandberg, M.D.,*** Philadelphia, Pa. 


In the genesis of the syndrome of congestive heart failure it has long been 
considered that increased venous pressure follows as a consequence of increased 
blood volume. The observations that blood volume is not increased in some pa- 
tients in failure,’ and that a prompt drop in venous pressure is produced by 
ganglionic blockade? have cast doubt on the “‘classical’’ concept of hypervolemia 
as the determinant of venous hypertension. As an alternate hypothesis it has 
been suggested that the increased venous pressure is due to an increased veno- 
motor tone.* These two seemingly different explanations are not mutually 
exclusive if procedures purporting to reduce venomotor tone lower venous pres- 
sure by actually lowering circulating blood volume. The purpose of this study 
was to investigate the role that changes in circulating blood volume might play 
in the intermediate mechanism of action of ganglionic blockade on venous pres- 
sure. 


METHODS AND MATERIALS 


Forty patients from the wards of the Philadelphia General Hospital, Blockley Division, 
were studied. Twenty patients were in severe or moderately severe congestive heart failure, as 
characterized by dyspnea, orthopnea, pulmonary rales, markedly engorged jugular veins, hepa- 
tomegaly, and marked edema. A number of patients also had ascites. For the most part, the 
etiology of the heart disease was either arteriosclerotic or combined hypertensive and arterio- 
slerotic, while in a few cases it was rheumatic. Patients with cor pulmonale, anemia, or thiamin 
deficiency were avoided for reasons that will be discussed below. Twenty patients who served 
as controls were without heart disease. For the most part, they were convalescing from a variety 
of minor medical illnesses or were patients awaiting disposition. In a few, heart disease could not 
be completely ruled out. However, no one of this group was or had ever been in congestive failure 
to the best of our knowledge. 
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The patients were brought to the laboratory and allowed to rest quietly for one hour. At 
the end of this time an indwelling needle was placed in an antecubital vein and a slow drip of 5 
per cent dextrose in water was started. By means of a three-way stopcock, connection was made 
to a Statham strain gauge for the measurement of venous pressure. The zero level for the venous 
pressure was taken at the mid-chest level. A blood pressure cuff was placed on the upper arm on 
the contralateral side, and an indwelling styletted needle was placed in an antecubital vein in 
this arm. All injections were made through the tubing of the intravenous drip near the needle, 
and all samples were withdrawn from the styletted needle. Several readings of blood pressure, 
pulse rate, and venous pressure were made. When the values were found to be stable, a hemato- 
crit was drawn and approximately 15 microcuries of radioactive iodinated human serum albumin 
with extra carrier pooled human serum albumin were injected.‘ Samples for the calculation of 
the blood volume were drawn at 10, 15, and 20 minutes after injection of the isotope. Ten of the 
normal patients and 10 patients with congestive heart failure were then given 50 mg. of hexa- 
methonium intravenously. The drug was diluted to 2.5 mg./ml. and administered to the patients 
at a rate of 1 ml. per minute for 20 minutes. The remaining individuals received an equal volume 
of 5 per cent dextrose in water. A second hematocrit was drawn, and calculation of the blood 
volume was then repeated in the manner described above, using approximately 90 microcuries 
of radioactive iodinated human serum albumin. Arterial pressure, pulse rate, and venous pressure 
were measured at frequent intervals throughout the procedure. 

In the handling of the isotope the stock solution was diluted to the approximate strength 
and then drawn up into a 10-ml. syringe. The total counts injected were determined by measur- 
ing the counts per milliliter of an aliquot of the material injected and the weight of the injected 
solution. Calculation of the volume delivered from the syringe was considered to be too inac- 
curate. The isotope was delivered by puncturing the tubing of the intravenous drip near the 
needle and then flushing the tubing. If the isotope was lost during needle puncture of the tubing, 
the procedure was discontinued and the data for that case discarded. Injection of the material 
and withdrawal of samples were done at a uniform rate and were timed at the midpoint to the 
nearest minute. Ten-milliliter samples were drawn in syringes wetted with heparin and cen- 
trifuged at 2,500 r.p.m. for 10 minutes. Aliquots of the plasma were counted in a well-type scintil- 
lation counter. The blood volume was calculated from the plasma volume and the hematocrit. 
The observed hematocrit, centrifuged in the standard manner and read to the nearest 0.1 per cent, 
was corrected to “body hematocrit’ by using the most recently available figure of 0.927.5 For 
the second blood volume the counts remaining in the blood drawn just prior to the injection of 
the second dose of isotope were subtracted from the counts obtained in the subsequent samples. 


RESULTS 


Fig. 1 shows the effect of hexamethonium on the blood pressure, pulse rate, 
and venous pressure of a patient without heart disease. Note the sharp and 
persistent drop in blood pressure with little or no change in either pulse rate 
or venous pressure. Fig. 2 shows the effects of hexamethonium on one of the 
patients in congestive heart failure. Again, note the sharp and persistent drop 
in blood pressure. There is a transient increase in pulse rate. The venous pres- 
sure, which is markedly elevated prior to the ganglionic blockade, drops pre- 
cipitously and remains at low levels throughout the duration of the procedure. 
In most cases the venous pressure fell to normal levels. In all cases the drop 
was pronounced and stayed well below control levels for the duration of the 
procedure. All patients not given hexamethonium showed no significant change 
in blood pressure, pulse rate, or venous pressure. 

In Fig. 3 a comparison is made of the blood volumes before and after either 
hexamethonium or the 5 per cent dextrose. In no instance can a significant 
change be observed. This figure shows the data on the plasma volume and 
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Fig. 1.—Blood pressure (BP), pulse rate (PR), and venous pressure (VP) in a normal patient given 
50 mg. of hexamethonium intravenously. Blood volume determinations at the arrows. Description 
in the text. 
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Fig. 2.—Blood pressure (BP), pulse rate (PR), and venous pressure (VP) in a patient in congestive 
heart failure given 50 mg. of hexamethonium intravenously. Blood volume determinations at the ar- 
rows. Description in the text. 
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900 
hematocrit as measured, and for the red cell volume and total blood volume as 
calculated. The left-hand side of each box records the data for the normal 
patients (NV), and the right-hand side records the data for the patients in con- 
gestive heart failure (CHF). The upper row shows those given the 5 per cent 
dextrose (D), and the lower row, those given hexamethonium (C,). The figures 
in each cell represent the mean value and one standard deviation. For each 
patient the given value was calculated by dividing the second blood volume 
(determined after the administration of hexamethonium or 5 per cent dextrose) 
by the first blood volume. Comparison of any given cell with any other within 
the same box reveals no P value less than 0.02. Almost all of the P values lie 
above the level of 0.1. On this basis no comparison has been considered to show 
a statistically significant difference. 


PLASMA VOLUME RED CELL VOLUME 


N 


CHF 


1.03 


1,014.03 


1.03#.03 


1.05*.04 


TOTAL BLOOD VOLUME 


N 


CHF 


D 


1.O1# .02 


0.994.03 


1.02 #.04 


N 


CHF 


0.982.03 


0.972.03 


0.98.02 


0.98 +.02 


HEMATOCRIT 


N 


CHF 


D 


0.972 .02 


0.98.0] 


C6 


0.97.01 


0,962.02 


C6} 1.01*.03 


CHF, Congestive heart 


Fig. 3.—Ratio of second blood volume to first blood volume. N, Normal. 
Description in 


failure. D, 5 per cent dextrose infusion. Cs, 50 mg. hexamethonium intravenously. 
the text. 


Since the critical feature of our argument rests on the effect of ganglionic 
blockade on the blood volume and not on the absolute values, we have not tabu- 


lated these figures here. This point has been well discussed by other investi- 
gators. Our observations, in agreement with previous studies, indicate that 
most, but not all, patients in congestive heart failure have an increased circulating 
blood volume.* 

Of interest is the observation that in all patients there was a slight but 
definite drop in hematocrit (range, 1 to 7 per cent). No hematocrit rose during 
the test. It may well be that this is due to the volume of administered fluid 
or to the change in posture of the patient from upright (or the patient being up 
and around the ward) to recumbent in the laboratory. It should be noted, 
however, that this drop in hematocrit correlates not with a suspected increase 
in measured plasma volume but rather with a decline in calculated red cell vol- 


ume. On the other hand, recent observations in our laboratory concerned in 


*For those interested, these tables are available from the authors upon request. 
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part with this point, in which red cell volume was measured using Cr*!-tagged 
red cells in a smaller but comparable series of patients, fail to bear this out. 
For the present this observation remains unexplained. 


DISCUSSION 


These results indicate that in patients in congestive heart failure, ganglionic 
blockade (hexamethonium) lowers the venous pressure but does not significantly 
alter the circulating blood volume. Ganglionic blockade certainly does not 
decrease the circulating blood volume. If anything, there is a slight increase, 
but comparison with normal patients given hexamethonium and with patients 
in failure not given hexamethonium indicates that this rise is not outside the 
experimental error. 

Repeated observations by other workers have demonstrated the lowering 
effect on venous pressure of ganglionic blocking agents. This effect has been 
interpreted as being due to a decrease in venomotor tone, without investigation 
of the question of alterations in circulating blood volume. Recent studies have 
investigated the effect of ganglionic blockade on circulating blood volume.® 
The technique used has been that of observing the slope of the isotope disappear- 
ance from the blood following a single injection, and noting any change in that 
slope following administration of the test substance. This method will detect 
changes in blood volume in only one direction, however. Moreover, the direc- 
tion that it notes is not the critical one for answering the question concerning 
the possible intermediate action of ganglionic blockade. In the situation in 
which ganglionic blockade were to cause fluid to be added to the circulating blood 
volume, this added volume, obviously untagged, would dilute the pre-existing 
volume and change the slope of the isotope disappearance curve. However, 
should the ganglionic blocking agent remove from the circulation a volume of 
previously tagged blood (the critical question to be answered), the disappearance 
curve, dependent on the concentration of the isotope remaining in the circula- 
tion, need not be altered. For this reason, the technique used in this study relied 
upon a second injection of isotope to measure the circulating blood volume after 
the administration of the test substance. 

Since, by the test of ganglionic blockade, venous pressure and circulating 
blood volume act independently, it cannot be said that the level of venous pres- 
sure is set by the amount of circulating blood volume. On this basis then it is 
more realistic to regard the level of venomotor tone (the outpouring of impulses 
from the central nervous system) as the determinant of the level of venous pres- 
sure. The evidence from the rapidly growing literature on the problem of venous 
circulatory regulation would indicate that a simple mechanical explanation of 
venous return is inadequate.? The studies of Gollwitzer-Meyer* showed that 
the venules are supplied with nerve twigs in much the same way that the ar- 
terioles are. Studies in animals, in which one of us (D.H.L.) participated, re- 
vealed that vasomotor activity is not restricted to changes in arteriolar tone. 
Rather there is simultaneous and coordinated arteriomotor and venomotor 
activity. Studies of the forearm veins in human beings indicate important 
venomotor activity.!° 
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In the genesis of venous hypertension seen in congestive heart failure there 
has been disagreement as to whether this is due to “backward”’ or ‘‘forward”’ 
failure. Proponents of “‘backward’’ failure see the reduction in myocardial 
contractility as the cause of a damming up of blood in the venous reservoir, 
while proponents of ‘‘forward”’ failure view the reduction in renal flow as initiat- 
ing fluid retention, with consequent hypervolemia and venous hypertension. 
Both groups offer a mechanical explanation for venous hypertension. We would 
propose, instead, that the decrease in myocardial contractility produces a rela- 
tive deficiency in the supply of blood to the tissues. This, in turn, initiates a 
reflex which calls into play increases in arteriomotor and venomotor tone. In 
this respect, the information supplied to the central nervous system by the tissues 
is similar to that seen in hemorrhage and in shock. In these cases this reflex acts 
in a compensatory manner. In myocardial disease this mechanism again would 
presumably act in a compensatory manner up to a certain point, beyond which 
it would be expected to add to the burden on the heart. One might further con- 
sider that when the embarrassment of the circulation to the tissues is caused by 
other than myocardial factors (e.g., pericardial constriction, etc.), venous hyper- 
tension might here be completely compensatory by adding a priming factor to 
the myocardium. In cor pulmonale the situation is somewhat more complicated, 
but the observation that ganglionic blockade produces peripheral vascular col- 
lapse in this condition agrees with this hypothesis, and seems, to us, to offer a 
more rational explanation than that the cause lies in the pulmonary vasculature." 
For these reasons we have not studied the effects of ganglionic blockade in these 
types of congestive heart failure. 

One criticism of the conclusions reached here would be that while the total 
circulating blood volume remains unchanged, the distribution of this volume 
within the vascular bed might change. In such a case the blood might leave 
the veins, lowering the venous pressure, and go to some other part of the cir- 
culation. The question is, to what other part. It has obviously not gone out 
of the pool of blood called “‘total circulating blood volume,” since the technique 
used measures this parameter. It is therefore not cut off from the general cir- 
culation. The observation of Werké and his co-workers” indicates that ganglionic 
blockade in congestive heart failure decreases the central blood volume. This 
hypothetical redistribution is therefore not in the central volume. One might 
consider that there has been a transfer of blood from veins to arteries. In the 
face of an absence of change in arterial distensibility a drop in arterial blood pres- 
sure, as seen in these experiments, might well indicate a decrease in arterial 
volume, certainly not an increase. Since our argument implies an increase in 
venous distensibility with ganglionic blockade, we cannot rule out an increase 
in arterial distensibility. Were arterial distensibility increased, the arterial 
volume might increase in the face of a declining arterial pressure. It seems 
likely, however, that such volume changes, if they occur, would be small. Fur- 
thermore, the technique of ‘‘central blood volume’’ measurement, in effect, 
includes much of the arterial system and, as previously noted, this volume de- 
creases with ganglionic blockade. On the basis of volume alone, even though 
the arterioles are dilated, it would not appear that a significant volume could 
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be shifted to the arterioles. It could be in the capillaries. Again, on the basis 
of volume, this appears unlikely, but this point is far from clear. Until a suit- 
able method for the measurement of systemic capillary blood volume becomes 
available, this question must remain unanswered. 


SUMMARY 


1. The effect of ganglionic blockade on venous pressure and on circulating 
blood volume was studied in 40 patients. 

2. Twenty patients were normal and 20 were in congestive heart failure. 
Half of each group was given hexamethonium and the other half not. 

3. In congestive heart failure, ganglionic blockade is associated with a 
drop in venous pressure, with no change in circulating blood volume. 

4. Venous pressure in congestive heart failure is not strictly dependent 
on the level of circulating blood volume. 

5. This is interpreted as further evidence in favor of increased venomotor 
tone as the important factor in the genesis of venous hypertension in congestive 
heart failure. 


The authors wish to express their gratitude to Miss Nancy Mahon for her invaluable technical 


assistance. 
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Kinetocardiographic Tracings as an Aid in the Differentiation 


of Three-Sound Rhythms 


John L. Jeffries, M.D., Birmingham, Ala. 


INTRODUCTION 


The differentiation between the ventricular gallop of mitral insufficiency and 
the opening snap of mitral stenosis is of practical importance. Such separation 
is usually based on the time of onset of these third heart sounds in relation to 
the second heart sound. A correlation of these and other third heart sounds with 
the onset of ventricular filling, as shown by the kinetocardiogram,' is believed 
to be a more accurate method of identification. The present report deals with 
the results of such a correlation. 


METHODS 


Standard phonocardiograms and kinetocardiograms were taken on 36 subjects, including 
patients with mitral stenosis, mitral insufficiency, and congestive heart failure without evidence 
of valvular lesions, as well as subjects who demonstrated split second sounds, and normal subjects. 
The electrocardiogram was used as a base line for timing purposes. The phonocardiograms were 
taken from the aortic and pulmonic areas, from the mid-precordium, and from the region of the 
apex.2 They were recorded on the twin-beam Cambridge apparatus. The method for taking 
kinetocardiograms, which are recordings of low-frequency precordial movements at positions 
corresponding to the V-lead areas of the electrocardiogram, has been described previously.*- 
In several subjects the phonocardiogram and kinetocardiogram were taken on the same tracing, 
allowing for direct comparison between mechanical events. In others they were taken con- 
secutively, mainly because of the poor response obtained from heart sound vibrations with direct- 
writing apparatus. 


RESULTS 


Tracings were taken on 10 patients who were found to have only mitral 
stenosis at subsequent valvulotomy. All of these patients showed a third sound 
occurring in early diastole on the phonocardiogram, and a well-defined early 
diastolic filling wave on the kinetocardiogram. The time interval between the 
onset of Q in the electrocardiogram was compared with the interval between Q 
and the onset of the filling wave in the kinetocardiogram. These time intervals 
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were found to be consistently similar in all 10 patients, showing the simultaneous 
occurrence of the opening snap and onset of early ventricular filling. The fol- 
lowing case history illustrates these findings. 


Case History.—G.B.R., a white male contractor, 39 years of age, was admitted to the Uni- 
versity Hospital in January, 1958. There was no history of acute rheumatic fever, but he had 
been rejected for military service in 1940, because of a heart murmur. He remained asymptomatic 
until 1951, when increasing exertional dyspnea, pedal edema, and palpitation forced him to seek 
medical advice. Auricular fibrillation developed in 1954. During the three years prior to ad- 
mission he experienced three attacks of transient left-sided hemiparesis and aphasia, with some 
blurring of vision and memory impairment. Because these episodes were thought to be embolic 
phenomena, he was placed on anticoagulants. 

Admission physical examination revealed a well-developed, well-nourished white man with a 
blood pressure of 140/85 mm. Hg; the pulse rate was 80 and irregular. A diffuse precordial 
systolic heave was noted. An early diastolic third sound and a diastolic rumble were heard at 
the apex. Venous pressure was 110 mm. Hg; arm-to-lung circulation time was 10 seconds, and 
arm-to-tongue was 20 seconds. The electrocardiographic and fluoroscopic findings indicated right 
vertricular enlargement. Tracings taken before operation showed that the third heart sound 
occurred at 0.08 second after the second heart sound and 0.48 second after Q, while the interval 
from Q to the beginning of filling time on the kinetocardiograms was 0.47 second. Thus, the 
third heart sound occurred at the onset of ventricular filling (Fig. 1). No systolic murmurs were 
found, and it was thought preoperatively that the patient had “‘pure’’ mitral stenosis. At opera- 
tion a stenotic mitral valve without regurgitant jet was found. The postoperative course was 
uneventful. 


A review of the records taken on the series of 10 similar subjects with un- 
complicated mitral stenosis yielded results similar to those obtained on the 
patient cited above (Table I). The opening snap coincided exactly with the 
onset of ventricular filling in three instances, and in no subject did the two events 
differ by more than 0.02 second. The average difference was 0.009 second. 


TABLE I 


NUMBER OF } | Q-ONSET FILLING 
SUBJECTS 2 Q-S3 | Se-S3 | Q-CIN FILLING TO S3 SUBJECT GROUP 


| 
| 
| 
| 
| 
| 


.54 | 0.16 | 0.39 0.49 0.05 
Normal 


10 | 0.04 0.11 | 0.02 


53 | 0.17 | 0.40} 0.46 | 0.07 | Mitral 
| Insufficiency | 


Mean 


Range .09 | 0.03 | 0.08 


0 
0 
0 

0 

Mean | 0. .35 | 0.49 | 0.15 | 0.36! 0.43 Congestive 

0 
0 


Heart 
.02 0.05 0.03 | Failure 


Range 


Mean .10 | 0.39 0.46 | 0.009 Mitral 


0.06 | 0.09 0.10 | Stenosis 


| 
Range | 0. | 0. 


Mean | 0.06 | 0.36 | 0.41 | 0.04 | 0.39 0.47 |-0.06 | Split 
Second 


Range | 0. 0.05 | 0.02 | 0.04 0.03 | 0.03 | Seconds 


Time intervals in hundredths of a second. 
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Similar tracings were taken on a series of 9 patients with the diagnosis of 
mitral insufficiency only. In confirmation of some of the findings of Contro,’ 
and other work as reported by Wood,’ all patients showed a third sound occurring 
in early diastole. Comparison of the time intervals between the Q wave of the 
electrocardiogram and the third sound in diastole and the interval between Q 
and the onset of filling showed that these third sounds fell after the onset of 
ventricular filling (Fig. 2; Table I). The average difference between the ventric- 
ular gallop and the onset of filling was 0.07 second. 

Records were taken on 3 patients in untreated congestive heart failure who 
did not have evidence of concurrent valvular disease. Each of these patients 
had an early diastolic gallop. Comparison of time intervals revealed that the 
diastolic sound occurred 0.07 second after the onset of filling (Fig. 3; Table I). 
One of these subjects demonstrated a summation gallop, and the kinetocardio- 
gram revealed that there was also summation of early diastolic and late diastolic 
(atrial) ventricular filling waves (Fig. 4). 

Records were taken on 8 subjects with no history or physical findings of 
cardiac disease, in whom a third sound was audible. The third sound fell on an 
average of 0.05 second after the onset of early diastolic ventricular filling (Fig. 
5; Table I). An atrial sound was also present in the records of one of those 
subjects (Fig. 6). 

Six subjects with split second sounds were studied. The interval between 


the two components was on an average of 0.05 second, and the last component 
fell 0.06 second before the onset of ventricular filling (Fig. 7: Table I). 


DISCUSSION 


The results obtained from comparing the time of occurrence of third heart 
sounds and the onset of ventricular filling have shown that subjects may be clas- 
sified broadly into three groups (Table I). The first group is one in which the 
third sound falls after the beginning of ventricular filling, and includes those 
patients with mitral insufficiency, those with congestive failure, and normal 
subjects who demonstrate physiologic third heart sounds. A second group, in 
which the third sound occurs with the onset of filling, is composed of patients 
with mitral stenosis. The third group comprises those patients who have a 
split second sound, the last component of which usually falls before the onset of 
filling. <A ‘‘t’’ test done on these groups revealed statistical significance (P > .01) 
between onset of the third sound and onset of ventricular filling in all but the 
second group. Patients with third sounds associated with congenital heart 
lesions or chronic constrictive pericarditis were not included in this study. The 
type of classification given above appears to have clinical value in the evaluation 
of a patient with mitral valve disease prior to valvulotomy. This is especially 
true in persons with both a diastolic rumble and a systolic murmur, and in those 
patients in whom the cardiac catheterization data are equivocal. The following 
case history illustrates these points. 


Case History—1.M.M., a 22-year-old white woman with rheumatic heart disease, was 
admitted to the University Hospital in August, 1957, for evaluation of her cardiac lesion and for 
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possible mitral valvulotomy. She had experienced progressive cardiac disability since her third 
pregnancy. Physical examination revealed a totally irregular rhythm and a sustained precordial 
heave. There was a harsh, systolic murmur at the apex and left sternal border, an inconstant 
diastolic rumble, and a faint diastolic blow. A third sound was heard early in diastole, inter- 
mittently. The clinical opinion was that this patient had auricular fibrillation, mitral stenosis, 
a Graham Steell murmur, relative tricuspid insufficiency, and, probably, slight mitral insufficiency. 
The venous pressure was 80 mm. of saline; arm-to-lung circulation time was 11 seconds, and arm- 
to-tongue was 21 seconds. Cardiac catheterization revealed the following pressures: right atrium, 
9/6; right ventricle, 40/5; pulmonary artery, 32.5/12.5; wedge, 27/11.5. After four minutes of 


err 
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Fig. 1.—Subject R. L., with congestive heart failure. The protodiastolic gallop sound (S;) occurs 
y 0.07 second after the onset of ventricular filling (X arrow). Letter O denotes ‘‘peak"’ of filling phase. 
Letters Y and Z denote waves due to atrial contraction, and the phonocardiogram displayed an oc- 
casional atrial gallop sound which fell between Y and Z. 


== 


ig. 2.—Subject I.M.M., with mitral insufficiency. The ‘‘ventricular gallop’’ third sound (S;) occurs 
0.06 second after onset of ventricular filling (X arrow). 
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exercise the wedge pressure rose to 61/41. The pressure data were considered to be consistent 
with combined mitral stenosis and mitral insufficiency. The final preoperative impression was 
that of a high degree of stenosis and some insufficiency. 

At operation the heart was found to be enlarged, particularly the left ventricle. The left 
atrium was large and tense, with marked systolic expansion. The pulmonary artery was only 
slightly dilated, but the right ventricle was thought to be hypertrophied. The left auricle was 
entered, and a very much dilated annulus with a relatively normal mitral valve was found. There 
was a pronounced regurgitant jet, but no stenosis was present. The chest was closed and the 
postoperative course was without complications. 


Fig. 3.—Subject G.B.R., with mitral stenosis. The ‘‘opening snap’’ third sound (S;) occurs at the onset 
of ventricular filling (X arrow) rather than toward ‘‘peak"’ (O arrow). 


Subsequent review of the preoperative phonocardiograms on this patient revealed systolic 
murmurs in all areas. In the mid-precordial, tricuspid, and mitral areas there was a third heart 
sound, followed by a diastolic rumble. Because of auricular fibrillation, no two cardiac cycles 
were of exactly the same length. However, average time intervals from at least fifteen cycles 
revealed that the third heart sound fell 0.06 second after the onset of ventricular filling (Fig. 2). 
Thus, this sound was not an opening snap, but was the ventricular gallop of insufficiency. Pre- 
operative evaluation of this patient’s records in this manner could have prevented erroneous 
diagnosis. 


Similar difficulty in making a clear auscultatory separation between the 
opening snap of mitral stenosis and other early diastolic third sounds is en- 
countered frequently. Occasionally, difficulty is met in reading phonocardio- 
grams alone. The ventricular gallop usually occurs later in diastole than does 
the opening snap, as is shown by the data in Table I. However, in one of our 


patients with ‘‘pure’’ mitral stenosis the opening snap came 0.12 second after 
the onset of the second heart sound, and in another patient with ‘‘pure’’ mitral 
insufficiency the ventricular gallop came 0.15 second after the second sound, a 
separation between the time of occurrence of these two extra sounds of only 
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Fig. 4.—Subject E. K., with congestive heart failure. The summation gallop (S; and S,) is heard 
as one sound with the stethoscope. The protodiastolic gallop (S;) occurs 0.08 second after ventricular 
filling (X arrow). The atrial gallop portion (S,;) occurs 0.14 second after filling. Both sounds fall after 


the P wave. 
filling. 


Note that the atrial wave (O arrow) is continuous with the curve of passive early ventricular 


Fig. 5.—G. J., 23-year-old normal male subject. The physiologic third sound occurs after the onset 
ventricular filling (X arrow). 
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0.03 second. It would be virtually impossible with the use of the stethoscope 
alone to differentiate these two sounds on the basis of time of occurrence. A 
larger series than that reported in this study would probably reveal a complete 
overlap between time of occurrence of these two sounds. It is with this in mind 
that the correlation between third sounds and the onset of ventricular filling, as 
shown by the kinetocardiogram, is proposed as a superior method of diagnosis. 


(—~ - 
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Fig. 6.—Phonocardiogram from V. M., a 17-year-old subject with no history or physical findings of 
cardiac disease. All four normal heart sounds are seen. 


This present study also adds confirmatory evidence to the generally accepted 
idea of the genesis of the physiologic third heart sound. Earlier work, using the 
descent of the V wave in jugular pulse tracings as the criterion for onset of ven- 
tricular filling, indicated that this sound occurred after the peak of the V wave.!° 
From this it was deduced that the physiologic third heart sound occurs as a 
consequence of the force of rapid ventricular filling in early diastole and the 
vibrations of the atrioventricular septal structures which result from this force. 
Rushmer" has noted that the valves are either actively or passively tensed by 
the tendineae during all phases of the cardiac cycle, except during early diastolic 
filling, at which time they are under no tension. As early ventricular filling ends, 
the tendineae and cusps are again tensed, probably as a result of ventricular 
volume change. This sudden change in tension on the valvular structures is, 
in all likelihood, the most important factor in the production of the physiologic 
third heart sound. Our work has at least served to confirm the view that the 
sound occurs toward the end of the early diastolic ventricular filling phase. One 
recent study,” however, reported that the sound occurred simultaneously with 
the peak of the jugular V wave, and thus was interpreted as a ‘‘physiological 
opening snap.”” Pressure tracings taken from the surface of the jugular vein are 
rather variable in their reliability for timing purposes, however, and several 
previous studies have reported a lag of 0.04 to 0.06 second between jugular and 
atrial events.'*:"* When this time lag is taken into consideration, the physiologic 
third sound falls well down on the descending limb of the V wave, indicating its 
occurrence after the onset of ventricular filling. The kinetocardiogram is, there- 
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fore, a more accurate guide to the onset of ventricular filling than are jugular 
pulse wave tracings.’ The exact time of onset of ventricular filling is usually 
best recorded from the fifth or sixth intercostal spaces at the left parasternal line. 


The slope and duration of the filling wave are important characteristics, 
as has been shown by Warren and co-workers.'® Augmented ventricular filling, 
as occurs with the high levels of venous pressure in congestive failure, produces 
waves of steep slope and short duration. Diminution of the rate of filling, as in 
mitral stenosis, produces waves of flat slope and prolonged duration. 


ets 


Fig. 7.—The tracings demonstrate a split second sound (Se) which occurs with the carotid incisura 
(CIN) and 0.07 second before onset of ventricular filling (X arrow). 


The filling of the two ventricles usually takes place almost simultaneously. 
There is, however, a slight ‘‘normal asynchronism” between the two sides. The 
atrial V peak and y descent on the right begins 0.02 second before that on the 
left, as is shown in some of Braunwald’s tracings.“ The difference seems to be 
due to the increased duration of isometric relaxation of the left ventricle over 
the right. Moscovitz™ has recorded cycle phase time lengths in dogs and found 
that the period of isometric relaxation in the left ventricle lasts almost twice as 
long as the similar period in the right ventricle. Even though right ventricular 
ejection is longer than left, the total effect results in the delay in the V peak and 
y descent on the left. This minor difference in filling is not usually seen in kine- 
tocardiographic tracings which display only one filling wave. 

Previous work by Dock, Grandell and Taubman" indicated that the pro- 
todiastolic gallop of congestive heart failure is an accentuated physiologic third 
heart sound. The results of this present study tend to confirm this view, since 
1 comparison of these two sounds revealed. that they have similar relationships 
to the onset of ventricular filling (Table I; Figs. 3 and 5). 
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SUMMARY 


1. Phonocardiograms and kinetocardiograms were taken on subjects who 
displayed a third heart sound occurring in early diastole. A comparison of these 
records was made in order to obtain the relationship between these sounds and 
the onset of ventricular filling. 

2. Correlation of these events indicated that the subjects fell into three 
general groups: (I) Those subjects in whom the diastolic sound occurred well 
after the beginning of ventricular filling. This group includes the normal sub- 
jects with a physiologic third sound, subjects with the ventricular gallop of 
mitral insufficiency, and subjects with the protodiastolic gallop of congestive 
heart failure unrelated to valvular lesions. (II) Subjects with mitral stenosis 
in whom the “opening snap’”’ third sound coincided with the onset of ventricular 
filling. (III) Subjects with a split second sound, the last component of which 
fell before the onset of ventricular filling. 

3. The timing of the relationship between early diastolic third sounds and 
the ventricular filling wave has proved clinically useful in the selection of patients 
for mitral valvulotomy. An instance is cited in which proper evaluation of these 
events would have prevented complete lack of correlation between preoperative 
and operative diagnosis. 

4. This study confirms previous work done to determine the genesis of the 
physiologic third heart sound and its relationship to the protodiastolic gallop 
of congestive heart failure. 
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Case Reports 


Myocardial Disease Associated With Progressive Muscular Dystrophy 
(A Report of 2 Cases) 


Philip Lisan, M.D.,* Joseph Imbriglia, M.D.,** and William Likoff, M.D.*** 
Philadelphia, Pa. 


INTRODUCTION 


The fact that cardiac involvement may accompany progressive muscular 
dystrophy has been recorded previously.' The incidence is believed to vary 
f from 50 to 85 per cent, depending upon the type, severity, and distribution of 
the lesions involving the skeletal muscle.* 

The clinical manifestations of the myocardial complication consist mainly 
of various arrhythmias, heart failure, generalized cardiomegaly, and nonspecific 
electrocardiographic abnormalities. These may persist during prolonged dis- 
; ability or, particularly when the juvenile type of muscular dystrophy is present, 
may terminate in an early fatal outcome. In either event the symptoms and 
1 objective findings are quite similar to those encountered in other more common 
4 types of severe heart disease. 

These diagnostic and prognostic obscurities always prompt a re-examination 

of the problem whenever the analysis of new clinical material makes it possible. 

} In accordance with this view the present report records the details encountered 
; in two patients with muscular dystrophy and cardiac myopathy. 


CASE REPORTS 


Case 1.—P. R., a 19-year-old white boy, was admitted to the Hahnemann Medical College 
and Hospital on March 19, 1954. A year prior to hospitalization the patient noted exertional 
dyspnea, hemoptysis, and peripheral edema. 


| This work was supported by the Department of Medicine and Pathology, Hahnemann Medical 
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A diagnosis of anterior poliomyelitis had been made when the patient had a severe febrile 
illness at 9 months of age. This disease was considered responsible for the odd gait which de- 
veloped when he first walked, and which persisted throughout his adult life. A heart murmur 
was said to have been discovered at age 15. At the time of admission, examination of the heart 
revealed a blood pressure of 108/88 mm. Hg, and normal sinus rhythm. Although no murmurs 
were heard, the pulmonic second sound was accentuated and reduplicated. 

The typical stigmata of pseudohypertrophic muscular dystrophy were observed on neuro- 
logical examination. A moderate degree of atrophy was noticed about the shoulder girdle, par- 
ticularly involving the supraspinatus, the rhomboids, and the serratus anterior muscles. The 
pectoralis muscles were weak. The patient walked with a characteristic waddling gait and arose 
from a sitting position on the floor by “‘climbing up his legs.’’ A lordosis compensated for the 
weakness of the posterior spinal muscles. The thigh muscles were atrophied and weak as com- 
pared to the distal musculature. 

Laboratory examination of the blood and urine failed to reveal any abnormality except a 
creatinuria which averaged 72.5 mg. per 24 hours. 

T-wave inversions in Leads I, aVz, V;, and Ve were discovered electrocardiographically. 
In addition, Q waves were present in Leads I and aV,, and the P waves were broadened and 
peaked in Lead II. These findings were interpreted as strongly suggestive of myocardial ab- 
normality (Fig. 1). 

The heart was moderately enlarged on x-ray examination (Fig. 2). 

No intracardiac communications or vascular shunts were uncovered by right heart catheteri- 
zation. The pressures in the venae cavae, right atrium, and right ventricle were normal. 

Biopsy of the right gastrocnemius muscle was performed. Microscopic examination revealed 
variations in the size of the individual muscle fibers, atrophy, and fibrous tissue replacement. 
These findings were considered compatible with progressive muscular dystrophy (Figs. 3 and 4). 

At the time of a thoracotomy, which definitively eliminated the possibility of any undisclosed 
but remediable valvular lesions, or vascular shunt, a biopsy of the left atrial and left ventricular 
muscles was performed. 

Examination of the atrial muscle disclosed subendocardial fibrosis of the acellular type and 
focal areas of fibrosis associated with fatty infiltration adjacent to the subepicardium. In addition, 
there was interstitial edema and vacuolization of the myofibrils (Figs. 5 and 6). 

Degeneration of muscle fiber, fibrosis, and an acute inflammatory exudate consisting of 
neutrophils, lymphocytes, and monocytes were noted when the ventricular biopsy material was 
examined. The sarcoplasm of the individual fibers was characterized by clumping (Figs. 7 and 8). 

The findings in the atrial and ventricular muscles were considered compatible with the cardiac 
myopathy observed with progressive muscular dystrophy.5.® 

The patient’s postoperative course was uneventful. He expired at home suddenly three 
months later. An autopsy was not obtained. 

Case 2.—A. L., a 58-year-old white woman, has been observed in private practice by one of 
the authors (P. L.). 

Anterior poliomyelitis was believed to have occurred during the patient’s childhood, and 
subsequently she had difficulty in walking. 

Congestive heart failure developed when she was 32 years of age and in the last trimester of 
her first pregnancy. This recurred six years later during a second pregnancy. From that point 
on, exertional dyspnea and peripheral edema persisted. 

Examination of the heart revealed a blood pressure of 150/90 mm. Hg, and a normal sinus 
mechanism which was interrupted by numerous premature ventricular contractions. The mitral 
first sound was reduplicated, and a Grade 2 blowing systolic apical murmur was present. 

Moist rales were heard at both pulmonary bases, and the liver was persistently enlarged 
two fingerbreadths or more below the right costal border. 

The patient had a waddling gait and “climbed up the legs’’ in order to arise from a sitting 
position. The facial, scapular, and both gastrocnemius muscles were atrophied. 

Flattened and inverted T waves were observed in the electrocardiogram in Leads I, II, aV1, 
aVr, Vs, and V>. The P waves were abnormal in Leads I and II. 

Generalized cardiac enlargement was observed on x-ray examination (Fig. 9). 
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Fig. 1.—Electrocardiogram of Case 1. 


Fig. 2.— X-ray film of chest of Case 1.. A, Right anterior oblique view with barium swallow. 
B, Posteroanterior view, 
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Fig. 4.—-Gastrocnemius muscle showing sarcolemmic nuclear proliferation. 
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Fig. 3.—Gastrocnemius muscle showing atrophy of muscle fiber. 
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Fig. 6.—Auricular muscle showing interstitial edema with vacuolization of the myofibrils. 
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Fig. 7.—Ventricular muscle. Area of fibrosis. 


Fig. 8.— Ventricular muscle. Acute inflammatory exudate. 
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The microscopic examination of biopsy material from the left gastrocnemius muscle indicated 
old focal necrosis consistent with progressive muscular dystrophy. 

In spite of the duration of the clinical manifestations the patient responded to the ordinary 
measures for the control of congestive heart failure and is still living and relatively well. 


Fig. 9.—X-ray film of chest of Case 2. A, Posteroanterior view. B, Right anterior oblique view with 
barium swallow. 


DISCUSSION 


A consideration of the patients herein reported appears to confirm and ex- 
tend current concepts pertaining to the association of myocardial disease with 
progressive muscular dystrophy. 

Progressive muscular dystrophy usually develops in infancy or early child- 
hood. This onset may be confused with anterior poliomyelitis as a wasting 
muscular disease, because it occurs at an age when polio virus infections are 
most common. 


Unpredictable intervals may separate the involvement of the skeletal 
muscles from the onset of the cardiac symptoms. However, since the latter 
frequently arise late, only after the heart has failed, the relationship of the pro- 
gressive muscular dystrophy to the cardiac disability may be quite obscure. 


Under the circumstances, and with the present case reports serving as 
illustrations, it is pertinent to suggest that when a patient with a past history 
of a wasting muscular disease subsequently develops significant cardiac dis- 
ibility, a single disorder, namely, progressive muscular dystrophy, may be 
responsible for the entire syndrome. 

Objective findings include the usual muscular wasting and pseudohyper- 
trophy of muscle groups classically described for the various types of this disease 
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entity. The very striking “climbing up the legs’’ (Gower’s sign) should aid in 
making this diagnosis. Biopsy of the muscles of the involved areas usually 
will confirm the presence of progressive muscular dystrophy. 

There are no diagnostic electrocardiographic patterns. Abnormal rhythms 
and nonspecific T-wave changes are not unusual. Cardiomegaly is generalized 
and compatible with that seen in coronary heart disease accompanied by heart 
failure. 

The most striking feature of the two cases presented is the marked contrast 
in prognosis between different types of the same disease process. The so-called 
juvenile or pseudohypertrophic progressive muscular dystrophy usually ends 
fatally, most commonly with cardiac failure, when the patient is about 20 years 
of age. On the other hand, the facio-scapulohumeral type is compatible with 
longer life, even extending into the sixth decade despite the presence of con- 
gestive heart failure of long duration. As a matter of fact, the presence of a 
muscular wasting disease existing from childhood or puberty with chronic con- 
gestive heart failure in a middle-aged woman strongly suggests the diagnosis 
of progressive muscular dystrophy. 

Therapeutic measures are successful-in the types of diseases that are com- 
patible with longer life. 


SUMMARY 


Two cases of progressive muscular dystrophy involving the heart are re- 
viewed. The clinical, historical, laboratory, and pathophysiologic aspects are 
presented. A discussion of the diagnosis and prognosis of this esoteric disease 
of the heart stresses that a high index of suspicion should exist when a muscular 
wasting disease is associated with congestive heart failure. 
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Paradoxic and Knotted Embolism 
Alfred Zettner, M.D., Cedar Grove, N.J. 


Paradoxic embolism is the passage of an embolus from the venous into the 
arterial system by way of an abnormal shunt. Conceivably, almost any such 
vascular abnormality could render possible the transfer of an embolus. Actually, 
however, this has taken place in nearly all recorded cases through an open 
foramen ovale. The term ‘‘paradoxic embolism,”’ it is said, was coined by Zahn.! 
Less common synonyms are: ‘‘consecutive embolism,’’ ‘‘crossed embolism,”’ 
“aberrant embolism.” 

Johnson,' in 1951, reviewed the literature and found only 41 confirmed 
cases, including one of his own, in which an embolus was lodged within the fora- 
men ovale. Fruhling and Marcoux,? in 1953, reported the astounding number 
of 6 personal cases, including one of ductus arteriosus embolism. With 3 addi- 
tional reports*-> and our own, the number of verified cases of paradoxic embolism 
recorded to date totals 51. 

In a second group, classified by Johnson as “presumptive,” the case reports 
are more numerous.*-° In these cases the diagnosis is usually based on the triad 
of venous thrombosis, open foramen ovale, and arterial embolism, without the 
evidence of an embolus trapped while passing the foramen ovale. 

For the development of a paradoxic embolism three conditions must exist: 
(1) embolus of venous origin, (2) open foramen ovale, and (3) reversal of the 
pressure gradient between the atria. 

1. Emboli from venous thrombosis represent the most common type of 
embolism. Substances other than blood clot also can serve as emboli. In a 
number of more or less convincing cases of embolism, various materials have 
been described, including tissue fragments from liver, cerebellum, tumors, and 
fat, as well as air and foreign bodies. A nut-sized shrapnel fragment was re- 
covered from the left ventricle after gunshot injury of the leg.® 

2. Patency of the foramen ovale is of two types: (a) anatomic patency 
(foramen ovale guarded or protected by a valve, ‘valvular patency’’), and (b) 
physiologic patency (unguarded or unprotected foramen ovale, “‘two-way pa- 
tency’). In an unselected series of 1,100 consecutive autopsies, Thompson and 
Evans’ found the foramen ovale patent for a probe (0.2 cm.) in 319 cases (29 
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per cent), and patent for a pencil (0.7 cm.) in 67 cases (6 per cent). Patten" 
encountered an open foramen ovale in 21 per cent of 4,000 unselected autopsies. 
Thus, 20 to 33 per cent of the human race are afflicted with some degree of pa- 
tency of the foramen ovale, so that it might appear more relevant to consider 
the anatomic patency of the foramen ovale in the adult as a condition within the 
range of normal, rather than as a congenital anomaly. Physiologic patency 
(foramen ovale unguarded by a valve) is uncommon. The rarest congenital 
lesion of the foramen ovale is congenital atresia." 

3. Normally, the pressure in the left atrium is higher than that in the right. 
This insures continuous closure of an anatomically patent foramen ovale. If 
the pressure in the right atrium rises above that in the left, the flap of the septum 
opens readily and blood is released from the right into the left atrium. This 
one-way valve action depends upon the flexibility of septum I, functioning as a 
mobile diaphragm, and the rigidity of septum II, forming a firm console. Pli- 
ability of septum II would permit blood flow from the left to the right. Ob- 
struction of pulmonary arteries leads to a rise in pressure in the right heart. 
This is usually caused by pulmonary embolism. Forty-one of the 51 confirmed 
cases of paradoxic embolism were combined with pulmonary embolism or in- 
farction. Another cause of increased right intra-atrial pressure is myocardial 
insufficiency. The general passive venous congestion of cardiac decompensation 
must be combined with, if not preceded by, a pressure rise in the right atrium. 
Then, blood can flow through an open foramen ovale, and some writers’ attribute 
an alleviating function to this mechanism, relieving the venous congestion. 

Johnson lists as a fourth condition necessary for paradoxic embolism an 
“imponderable element of chance by which the embolus passes through the 
foramen ovale instead of up the pulmonary artery.’’ The chances, of course, 
will increase with the amount of the foraminal blood flow, which, in turn, is a 
function of the pressure gradient and the size of the foramen. 

For designating an embolus in the arterial system as paradoxical, two cri- 
teria should be considered: (1) evidence that the embolus derived from the 
venous system, excluding the possibility of its formation in the arterial system, 
and (2) an embolus so large that it could not have passed through the pulmonary 
circulation. These criteria, although seemingly commonplace, have not been 
met in all instances. After strict selection it appears that a number of the pre- 
sumptive cases have been diagnosed too precipitately, especially when ‘“‘gen- 
eralized arteriosclerosis’’ was one of the autopsy findings. Thrombosis of an 
arteriosclerotic vessel in a patient with circulatory insufficiency is common, and 
it may be impossible to distinguish between local thrombosis and embolism in 
vessels as small as the cerebral arteries or branches of the renal arteries. This 
applies particularly to those instances in which infarcts of various organs were 
thought to be paradoxical for no other reason than concomitant venous throm- 
bosis and an open foramen ovale. Only when the size and shape of the clot 
betray its venous origin can the diagnosis of paradoxic embolism be made. The 
diagnosis cannot be doubted in instances in which materials other than blood 
clot (foreign bodies, tissue fragments, gases, liquids) functioned as emboli and 
were of venous origin. 
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The term paradoxic has also been used to label a brain abscess occurring with 
a certain frequency with congenital heart disease.”* It was thought that an 
interatrial or interventricular septal defect especially facilitated the transit 
of bacteria or infectious material from a venous focus into the arterial system. 
This route’s importance in disseminating infections appears negligible, consider- 
ing the size of bacteria and the diameter of the pulmonary capillary, unless a 
mysterious, as yet unproved filter mechanism for bacteria is ascribed to the 
pulmonary circulation. 

Below, I present a case of paradoxic embolism. The case includes as an 
additional unique phenomenon the knotting of two emboli, which, to my knowl- 
edge, has never before been reported. A single embolus with a true knot has 
been described by Adelson." 


Fig. 1.—Photograph of heart with paradoxic embolus. Only the proximal end of the clot, lodged 
in the foramen ovale, is shown in this view. The shorter segment of the embolus protrudes into the 
left atrium. 


CASE REPORT 


A 55-year-old Negro woman suffering from hypertension and chronic alcoholism was admitted 
in June, 1957, because of progressive mental deterioration following a “stroke.” Her blood pres- 
sure was difficult to control and fluctuated from 142/88 to 210/120 mm. Hg. In July and again 
n October, 1957, she experienced two episodes with weakness of her right limbs, slurring of speech, 

nd facial twitching. In December, 1957, several brief seizures occurred, with loss of conscious- 
ess and convulsions. In April, 1958, she complained of sudden “tightness” in her chest, inability 
o breathe, and pain in the left arm, and also was cold and clammy. 
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On Oct. 25, 1958, following a few days of a slight fever (100.4°F.), she had chest pain in the 
sternal area, radiating into the epigastrium. The next day she developed a persistent cough and 
dyspnea. Blood pressure then was 120/100 mm. Hg and the pulse rate 100. October 28, she 
died after a 30-minute period of marked cardiac arrhythmia. 

At autopsy, massive bilateral pulmonary thrombosis was found, occluding 60 to 70 per cent 
of the pulmonary arteries. No infarcts of the lungs were noted. 
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Fig. 2.—Close-up photograph of the middle third of the cardiac embolus, to demonstrate the cluster 
of knots, where 2 separate emboli were knotted together by their terminal ramifications. Scale in cen- 
timeters. 


The heart was enlarged and weighed 420 grams. The right coronary artery was occluded by 
a tan-grey, organized thrombus. In the left ventricular wall there was an old greyish-white pos- 
terior infarct, measuring 3 by 5 cm. The foramen ovale was anatomically patent (0.7 cm.), and 
firmly wedged in it there was the end of a long cylindrical embolus, which protruded 1 cm. out into 
the left atrium (Fig. 1). The larger portion of the embolus, extending into the right heart, con- 
tained, approximately 6 cm. from the foramen ovale, a cluster of knots (Fig. 2) and then continued 
into the right ventricle, doubled up, and reached the pulmonary conus. The over-all length of 
the embolus was 32 cm., and its thickness ranged from 0.3 to 1.0cm. It was variegated grey and 
dark red, partially laminated, and had a rippled surface. When the cluster of knots was carefully 
reconstructed, it was found, somewhat surprisingly, that at this point two separate emboli were 
knotted together at their terminal ramifications, one possessing two, the other three branches. 
In addition to twisting, at least five true knots were present. 

The brain (1,140 grams) contained a large area of tan-yellow malacia with beginning cyst 
formation, involving large portions of the left parietal, temporal, and occipital lobes. 

No recent infarcts were encountered, and dissection of the venous system, including the legs, 
failed to reveal recent thrombosis. 

The final anatomic diagnoses were: massive pulmonary thrombosis, pulmonary edema, 
paradoxic embolism of foramen ovale, marked generalized arteriosclerosis, old thrombosis of right 
coronary artery, old posterior infarct of heart, hypertrophy of heart, old large infarct of brain, 
stasis dermatitis of legs. 


COMMENT 


The sequence of events—peripheral thrombosis, pulmonary embolism fol- 
lowed by massive thrombosis, and paradoxic embolism—appears, in retrospect, 
to be well reflected in the patient’s clinical course of initial slight fever, sudden 
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chest pain with progressive cous;h, and abrupt onset of arrhythmia 30 minutes 
before death. The open foramen ovale might very well have helped relieve the 
congestion in the right heart, thus prolonging her life over more than 3 days. 
When this shunt was abruptly occluded by the paradoxic embolus, acute cardiac 
insufficiency followed. 

The size of the two knotted emboli indicates that they came from throm- 
bosed leg veins. The knotting itself, in all probability, took place in the heart 
after the first embolus became lodged in the foramen ovale. It was made possible 
by the terminal ramifications of the clots. The remaining free end of the second 
embolus then was carried on into the right ventricle, and because of the constant 
traction and torsion of the blood stream the knots were pulled tight. That 
the knotting occurred in the vena cava is quite improbable, not only because 
of the questionable mechanics of such an incident in this location, but also be- 
cause of the perfect timing that would be required for the simultaneous arrival 
of the two clots in this vessel. 


SUMMARY 


1. The entity of paradoxic embolism is defined and a brief review of the 
literature is made. The total number of verified cases reported to date is 51. 

2. The conditions necessary for the development of paradoxic embolism 
are discussed. Two criteria to be considered before diagnosing an embolus in 
the arterial system as paradoxic are postulated. 

3. A case is presented in which an embolus, consisting of two knotted 
thrombi, was lodged in the foramen ovale. 

4. The knotting of two blood clots is unique and the present report appears 
to be the first describing this phenomenon. 


REFERENCES 


Johnson, B. I.: Paradoxical Embolism, J. Clin. Path. 4:316, 1951. 

Fruhling, L., and Marcoux, F.: L’embolie paradoxale; 4 propos de 6 observations person- 
nelles, Arch. mal. coeur 46:1013, 1953. 

Young, R. L., Derbyshire, R. C., and Cramer, O. S.: Paradoxic Embolism: Review of 
Literature With Report of Case in Which This Condition Followed Administration 
of Dicumarol, Arch. Path. 46:43, 1948. 

Bigelow, N. H.: Paradoxic Embolism, Am. J. Med. 14:648, 1953. 

Robinson, F. J.: Lodging of an Embolus in a Patent Foramen Ovale, Circulation 2:304, 
1950. 

Sauer, H. H.: Paradoxical Embolism in Pregnancy, J. Obst. & Gynaec. Brit. Emp. 62:906, 
1955. 

Ross, C. A., and Sprague, P. H.: A Case of Paradoxical Embolism, AM. HEART J. 36:772, 
1948. 


Keeley, J. L.: Paradoxic Embolism, Angiology 8:528, 1957. 

Specht: Granatsplitter im linken Ventrikel nach Verletzung der Vena Femoralis, Muenchen. 
med. Wchnschr. 64:892, 1917. 

Thompson, T., and Evans, W.: Paradoxical Embolism, Quart. J. Med. 23:135, 1930. 

Patten, B. M.: Developmental Defects at the Foramen Ovale, Am. J. Path. 14:135, 1938. 

Abbott, M. E., Lewis, D. S., and Beattie, W. W.: Differential Study of a Case of Pulmonary 
Stenosis of Inflammatory Origin (Ventricular Septum Closed) and Two Cases of (a) 
Pulmonary Stenosis and (b) Pulmonary Atresia of Developmental Origin With As- 
sociated Ventricular Septal Defect and Death From Paradoxical Cerebral Embolism, 
etc., Am. J. M. Sc. 165:636, 1923. 

Hanna, R.: Cerebral Abscess and Paradoxical Embolism Associated With Congenital 
Heart Disease, Am. J. Dis. Child. 62:555, 1941. 

Adelson, L.: Knotted Cardiopulmonary Embolus, Am. J. Clin. Path. 25:1285, 1955. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 


Postural Hypotension Following Dorsal Sympathectomy in Coarctation of 


the Aorta: Correction by Resection of the Coarctation 


John M. Evans, M.D., Irene Hsu, M.D., and Owen Gwathmey, M.D. 
Washington, D.C. 


In 1945, Gross' and Crafoord* introduced operative resection for coarcta- 
tion of the aorta, with relief of the hypertension in a great majority of the cases. 
Prior to this time sympathectomy had proved to be ineffective in lowering the 
blood pressure of these patients. 

In 1955, we had the opportunity to study a patient with coarctation of the 
aorta who had had a bilateral dorsal sympathectomy performed 10 years previ- 
ously in another hospital. The hypertension was unaltered by the procedure, 
except that the patient developed severe postural hypotension. The response 
to resection of the coarctation was dramatic, with relief of both the hypertension 
and hypotension. Since, to our knowledge, these circumstances are unique, it 
seemed desirable to report the case in some detail. 


CASE REPORT 


A 34-year-old white woman was admitted to The George Washington University Hospital 
on Sept. 17, 1955, complaining of severe dizziness, fainting on standing, frequent severe headaches, 
and visual difficulty. Hypertension had been discovered in 1943, during the second trimester 
of pregnancy. A therapeutic abortion was advised, but was refused by the patient. She was 
placed at bed rest for the duration of the pregnancy and an uneventful cesarean section and 
tubal ligation were performed at term. 

In 1945, because of the persistence of hypertension, a bilateral dorsal sympathectomy was 
performed, with removal of the third through the twelfth thoracic ganglia. The hypertension was 
unaffected and severe postural hypotension developed. The systolic blood pressure levels ranged 
from 180 to 200 mm. Hg when the patient was recumbent. Syncope upon standing was uncon- 
trollable until she was fitted with a tight corset. During the next 10 years any attempt to get 
along without the corset was unsuccessful. She continued to have episodic headaches and a 
general lack of well-being. Antihypertensive drugs were used intermittently without response. 

The patient recalled that a pulsating swelling in the front of the neck had been brought to 
her attention by a grade school teacher. This swelling remained essentially unchanged over the 
years and was asymptomatic. 

On physical examination the patient was a well-developed and fairly well-nourished white 
woman who appeared to be her stated age. The blood pressure, while the patient was recumbent, 
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was 200/125 mm. Hg in the arms and 180/110 mm. Hg in the legs. Several attempts were made 
to record the blood pressure with the patient standing, without the corset, but prompt syncope 
occurred and a measurement could not be obtained. 

The most striking physical finding was a pulsating, tubular mass in the suprasternal notch. 
The mass was approximately 1.5 by 3 cm. in size. It appeared to originate beneath the right 
sternocleidomastoid muscle. There were palpable pulsations and a systolic bruit over both supra- 
scapular regions. The heart was not enlarged and the lung fields were clear. A soft, Grade 2 
systolic murmur was heard along the left sternal border. The murmur was not transmitted into 
the axilla and could not be heard in the back. The femoral pulsations were delayed and markedly 
diminished. The dorsalis pedis and posterior tibial pulses were not remarkable. The ocular 
fundi were normal. 

A heart film showed prominence of the left ventricle, without definite enlargement. The 
aortic knob was small. There was no rib notching. Electrocardiograms were found to be within 
normal limits. Studies of the blood and urine gave essentially normal results. 

An angiocardiogram revealed narrowing of the descending thoracic aorta approximately 2 
cm. distal to the origin of the left subclavian artery (Figs. 1 and 2). The stenotic segment appeared 
to be 5 mm. in length. The innominate artery was tortuous and markedly dilated. The thyro- 
cervical arterial trunk was elongated and dilated. 

On Sept. 21, 1955, a left thoracotomy was performed. The intercostal arteries were only 
slightly enlarged. The coarctation was located at the level of the ligamentum arteriosum. The 
coarctated segment was excised and a primary end-to-end anastomosis was performed. The lumen 
of the stenotic segment measured 3 mm. 

The postoperative course was essentially uneventful. The blood pressure in the arms re- 
mained at 110 to 140 mm. Hg systolic and 70 to 90 mm. Hg diastolic. When the patient was first 
allowed out of bed on the eighth postoperative day, she promptly fainted as hypotension recurred. 
The tight-fitting corset was again used to control the hypotension. The amount of compression 
required to prevent postural attacks decreased progressively, and she was discharged on the twen- 
tieth hospital day in excellent condition. 

Six weeks following the operation the patient was able to abandon the corset, and has been 
free of postural symptoms ever since. At the present time she is completely well and working 
full time. The suprasternal mass is only slightly apparent. The blood pressure in the arms con- 
tinues in the range of 110 to 140 mm. Hg systolic and 70 to 80 mm. Hg diastolic, and is slightly 
higher in the legs. The suprascapular pulsations and bruit have disappeared. The soft systolic 
murmur is still heard along the left sternal border. The femoral arterial pulsations are full and 
no longer delayed. The roentgenogram shows that the heart is now normal in size; the aortic 
knob is unchanged. 


COMMENT 


In discussing this patient’s problem preoperatively it was agreed that cor- 
rection of the coarctation seemed to be indicated. However, it was not at all 
clear whether the postural hypotension would be helped or aggravated by the 
procedure. The gradual loss of the long-standing, crippling syncope following 
operation was gratifying but difficult to understand. It is possible that the re- 
duction in the arterial pressure gradient of blood flow from the upper to the lower 
parts of the body was contributory, the postural ‘‘run-off’’ being less sudden and 
less severe. That this is not the entire explanation is borne out by the recurrence 
of syncope in the immediate postoperative period when the blood pressure in 
the arms was essentially normal. The loss of the postural symptoms over a 
6-week period suggests a gradual return of sympathetic tone in the splanchnic 
vascular bed. It is impossible to say how, or whether, this was related to resec- 


tion of the coarctation. 
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To our knowledge, the occurrence of hypotension in a setting such as that 
provided by our patient has not been reported previously in the medical litera- 
ture. Glenn and associates* reported a patient with coarctation involving the 
distal thoracic aorta and the celiac axis. Bilateral dorsal sympathectomy, per- 
formed 4 years earlier, had not influenced the hypertension but postural hypo- 
tension did not develop. Following resection of the coarctation and anastomosis 
of the splenic artery to the proximal aorta, the blood pressure fell to the normal 
range. In a review by Reifenstein and co-workers,‘ of 104 autopsied cases of 
coarctation of the aorta, mention is made of a few patients who had bilateral 
sympathectomy for hypertension. The follow-up was not discussed and ref- 
erence to postural hypotension was not made. 

The lack of rib-notching in the roentgenograms of the chest in an adult is 
unusual. Reifenstein and associates,‘ however, reported absence of rib-notching 
in 25 per cent of their series. The enlarged thyrocervical trunk was atypical and 
probably served as the main proximal collateral channel, thus accounting for 
the absence of notching of the ribs. 

The pulsating mass in the suprasternal notch was confirmed by the angio- 
cardiogram to be a buckled innominate artery. Sir John Parkinson and co- 
workers’ have emphasized that such a mass, in a young adult with hypertension, 
is strong presumptive evidence for coarctation of the aorta. With subsidence of 
the hypertension the swelling has almost disappeared. 


SUMMARY 


A patient with coarctation of the aorta is reported, in whom dorsal sympa- 
thectomy, 10 years earlier, left the arterial hypertension unchanged and caused 
severe postural hypotension. Both hypertension and postural hypotension were 
corrected by operative removal of the coarctation. 
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Review 


The Atrial Complex of the Electrocardiogram 


J. A. Abildskov, M.D., Syracuse, N. Y. 


At present the electrocardiogram has a wide range of uses in clinical medi- 
cine. These extend from the diagnosis of myocardial infarction to the detection 
of nonspecific abnormalities which cannot be recognized by other methods of exami- 
nation and include, among others, the identification of arrhythmias, localized 
chamber enlargement, and electrolyte disorders. This status of electrocardi- 
ography is the result of extensive clinical and experimental observation, and it 


is likely that future work will extend both the range and precision of electrocardi- 
ographic diagnosis. 

One area in which electrocardiography is almost certain to be improved is 
that of detecting atrial abnormalities. The data on which clinical use of the 
electrocardiogram is now based concern mainly the form of the ventricular com- 
plex and the temporal relations of atrial and ventricular activity. It is probable 
that additional diagnostically useful information concerning the size and state 
of the atrial muscle may be obtained from detailed study of the atrial complex. 
Such information would be of special import, since the recognition of atrial ab- 
normalities by other techniques has serious limitations. 

As a basis for future studies directed at improving the diagnosis of atrial 
abnormalities by electrocardiographic methods it is appropriate to review some 
of the available information concerning (1) factors which influence the atrial 
complex, (2) known electrocardiographic effects of atrial abnormalities, and 
(3) special techniques and analyses which have been applied to the detection 
of atrial abnormalities by electrocardiographic methods. It is also appropriate 
to review the limitations of present information in these areas and to examine 
methods by which this information may be supplemented. The present review 
will concern mainly the anatomic atrial abnormalities and their detection by 
electrocardiographic techniques. The atrial arrhythmias which constitute a 
special group of functional abnormalities will not be considered. 
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FACTORS WHICH INFLUENCE THE ATRIAL COMPLEX 


The factors which affect the atrial complex are similar to those which in- 
fluence the more extensively studied ventricular complex. They include the 
nature of electrical phenomena in the cells of the atria, the pattern and rapidity 
of atrial excitation and recovery, the size, shape and anatomic position of the 
atria, the electrical properties of the body, and the type of electrode system and 
recording employed. Not all of these factors will be described in detail in this 
review, but selected examples of their influence on the atrial complex will be 
given and some of the shortcomings of present information will be cited. 

Cellular Phenomena.—The nature of the cellular processes involved in cardiac 
excitation and recovery is under intensive study, and the information obtained 
will undoubtedly contribute to more precise use of the electrocardiogram in 
clinical problems. The present state of knowledge in this extensive field cannot 
be reviewed here, but examples of the manner in which knowledge of individual 
cell processes may influence the interpretation of the gross form of the atrial 
complex can be outlined. As indicated by Macleod’s classic analysis, the process 
of recovery in the atria begins prior to completion of atrial excitation.!. A portion 
of the atrial complex thus represents the combined effects of both processes. 
Alteration in the duration of the cellular action potential would be expected 
to change the form of the atrial complex by affecting the temporal relation of 
excitation and recovery. Vagal stimulation which decreases the duration of 
the atrial action potential might be expected to decrease the amplitude of some 
portions of the atrial complex, since recovery of some cells would then be super- 
imposed on the effects of excitation at an earlier time. This mechanism may be 
involved in the effect of heart rate on P-wave amplitude, with slow rates being 
associated with small amplitude of the P waves. 

There are many other possible applications of information from basic cellular 
studies to the analysis of clinical electrocardiograms. Brooks and co-workers? 
have demonstrated that a unipolar electrocardiogram from a site adjacent to 
that of an intracellular microelectrode shows the rapid positive-negative intrinsic 
deflection of the electrocardiogram to be simultaneous with the upstroke of the 
transmembrane potential record. When the electrocardiogram and the intra- 
cellular potential are recorded from more widely separated sites, the intrinsic 
deflection and the upstroke of the action potential are no longer synchronous. 
These findings were true of both atrial and ventricular muscle and constitute 
a direct demonstration of the fact that the intrinsic deflection signals the oc- 
currence of excitation at a unipolar electrode site. These examples of the appli- 
cation of information from cellular studies to the analysis of electrocardiograms 
are intended to illustrate an approach which is almost certain to lead to more 
rational use of the records in clinical situations. 

The Sequence of Atrial Excitation and Recovery.—It is obvious that the time 
course of activation and recovery is one of the major factors determining the 
form of the atrial complex. The most widely accepted description of the sequence 
of atrial excitation is based on the work of Lewis, Meakins and White.* From 
measurements of the intrinsic deflection at various points on the surface of dog 
atria, they concluded that atrial excitation spread radially from the pacemaker 
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with a conduction velocity of 600 to 1,200 mm. per second. This description 
has been questioned by several other workers. Eyster and Meek*-* repeatedly 
reported evidence for more rapid spread of excitation from the sinus node to 
the atrioventricular node than occurred in other portions of the atria. Bach- 
mann’ reported evidence for a preferential conduction route from right to left 
atrium over a posterior interatrial band. His findings indicated that crushing 
this band delayed the time difference between right and left auricular contraction 
by 3 to 4.6 times the normal average. He later reported a case in which the 
electrocardiogram showed deep notching of the P wave, and pathologic alter- 
ations of the interatrial band were demonstrated at autopsy.* In a more recent 
study, Puech and associates’ found the most rapid spread of atrial excitation 
in the region between superior and inferior venae cavae and in the interatrial 
bridge. These workers also reported that the latest portion of the atrium to 
undergo excitation was the region of the left inferior pulmonary vein rather 
than the tip of the left atrial appendage as is commonly supposed. They re- 
ported conduction rates in the right atrial body ranging from 487 to 1,100 mm. 
per second. 

In view of the differences in the mode of atrial excitation reported to date, 
and particularly in view of all of the evidence which conflicts with the common 
concept of simple radial excitation, further studies of the excitation sequence 
would be desirable. For this purpose, instrumentation similar to that employed 
by Scher!® and by Durrer' and their co-workers to investigate the sequence of 
ventricular excitation would be most appropriate. 

Whatever the pattern by which atrial excitation advances, it is apparent 
that the exact locus of the pacemaker will influence the form of the atrial com- 
plex. Anatomic observations indicating the human sinoatrial node to be a more 
extensive structure than was formerly believed has been reported by Davies.” 
According to his findings the sinoatrial node is horseshoe-shaped and embraces 
the ventral aspect of the end of the superior vena caval ring, with the anterior 
limb extending caudally over more than the upper half of the sulcus terminalis. 
If any portion of this structure can operate as the normal pacemaker, consider- 
able variation in the mode of atrial activation, and thus in the form and apparent 
duration of the atrial complex, could exist within the boundaries of normal sinus 
rhythm. This constitutes one of the many reasons why the range of normal 
variations of the atrial complex must be adequately described in order to serve 
as a basis for recognizing abnormalities. 

The recovery process in the atria presents special problems for study, since 
the resulting electrocardiographic deflection is largely obscured by the ventricular 
complex. In instances of complete heart block it has been noted that the atrial 
recovery wave (T,) is of opposite polarity to the P wave, and there is evidence 
that the area of these waves is related. Gross" reported that displacement of 
the P-R segment representing the early portion of the T, wave increased with 
increasing cardiac rates, and that the amount of displacement correlated directly 
with the area of the P wave. Attempts have been made to assess the area of 
P and T, waves and to employ these values to calculate the atrial gradient. 
Berkun and associates recorded three simultaneous leads at a paper speed of 
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50 mm. per second and a standardization of 1 mv. per 15 mm. of deflection, on 
patients with complete A-V block, for this purpose. Results indicated a gradient 
close to zero, suggesting that the time course of atrial recovery is close to that of 
atrial excitation. Littman and associates reported that isopropylarterenol in 
normal young adults produced tachycardia and slightly increased amplitude 
of P waves, but a greater augmentation of the T, wave and thus a change in 
the atrial gradient as evaluated qualitatively from the conventional limb leads. 
There are local variations in the duration of the excited state of the atria, as 
indicated by the work of Alessi and associates.'® In the absence of vagal stimu- 
lation the refractory period at various points on the dog atrium was found to 
vary by as much as 40 milliseconds, and with vagal stimulation the refractory 
period of some points was unaffected while that of other points decreased as 
much as 140 milliseconds. Since the refractory period is almost certainly closely 
related to the duration of the excited state, these studies indicate rather wide 
variations in different portions of the atria. These studies concerned small areas 
on the atrial surface and probably represent variations in response of these areas 
related to their proximity to vagal endings. Since the vagal endings seemed to 
be irregularly distributed, it is still possible that the over-all pattern of atrial 
recovery may be similar to that of excitation. 

At the present time it is extremely important in electrocardiographic in- 
terpretation to be aware of the possibility that S-T segment displacement may 
be the result of the superimposed atrial recovery wave. Estimates of the sig- 
nificance of S-T segment and S-T junction displacements should take into ac- 
count the approximate area of the P wave in the lead under consideration. When 
the P-wave area is large, present information suggests that the T, area is also 
likely to be large and that S-T segment and junction displacement may be at 
least partially the result of this wave. To partially obviate this difficulty in 
electrocardiographic interpretation, it has been suggested that the level of the 
S-T junction be measured with reference to the level of the P-R rather than the 
T, segment of the tracing.!” 

Atrial Size, Shape, and Position Within the Thorax.—These factors together 
with the point of origin of excitation and the excitation and recovery sequence 
are obviously important factors determining the form of the atrial complex. 
The relation of all of these to the form of the atrial complex has been investi- 
gated with coplanar outlines of the dissected atria and with casts of the atrial 
cavities.'8° In these studies a radial excitation pattern was inscribed on the 
outlines or casts and employed to derive the form of P waves in various electro- 
cardiographic leads and PsE loops of the vectorcardiogram in various planes. 
The results provided several insights into the relation of excitation sequence, 
pacemaker site, and atrial size, shape and position to the form of the atrial com- 
plex. It was apparent that high, peaked P waves in Leads II, III, and Vr were 
the expected results of right atrial enlargement, and wide, notched waves in 
Lead I were to be expected with left atrial enlargement. These findings were 
the result of atrial shape and were not dependent on an altered sequence of exci- 
tation or on an unusual atrial position. It was also possible to estimate the degree 
of P-wave prolongation to be expected with various degrees of atrial enlargement 
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and to describe the approximate form of P waves resulting from ectopic excitation 
initiated at several different sites. Various modifications of this approach appear 
appropriate for further studies of the effect of certain normal variables, such as 
atrial position, and the effect of abnormalities, such as localized atrial lesions, 
on the form of the atrial complex. 

Conducting Medium, Electrode Systems, and Type of Recording.—One of 
the most active areas of electrocardiographic research has been that of devising 
electrode systems which do not necessitate the assumption that the body be 
represented by a simple geometric figure.*'-*® None of the recently proposed 
lead systems has been extensively employed in clinical studies, but the possibility 
exists that they may provide useful information concerning the state of the atria 
as well as that of the ventricles. In particular, the antero-posterior component 
of atrial electrical activity may furnish such information. In one study with 
the Frank electrode system it was found that in the majority of normal records 
the maximal atrial vector was directed forward, while in a small number of records 
from patients with left atrial enlargement this vector was directed posteriorly.’ 
Pipberger®® studied the P-wave duration and P-R interval in electrocardiographic 
leads recorded with the Schmitt SVEC-III electrode system and reported values 
which differed from generally accepted normal limits for conventional leads. 
These values will be useful as a basis for investigating the effect of atrial ab- 
normalities on the atrial complex recorded with orthogonal electrode systems. 

The heart’s electrical activity may be recorded in many different forms, 
and some of the displays may provide information other than that furnished by 
the conventional electrocardiogram. This possibility applies to the recognition of 
atrial as well as ventricular abnormalities. The vectorcardiogram is one of the 
possible displays of cardiac electrical events and has the merit of combining data 
from more than one lead axis simultaneously.2* Whatever displays of atrial 
activity are employed in future studies, there is a need for greater amplification, 
more adequate representation of time, and probably for greater fidelity than is 
provided by conventional electrocardiographs. In electrocardiograms recorded 
at a paper speed of 25 mm. per second and with a standardization of 10 mm. per 
millivolt, the average normal P wave in Lead II has a maximal amplitude of 
1 mm. and a duration of 2.25 mm.*° Since it is difficult to recognize variations 
of either voltage or time represented by less than 0.5 mm., the P wave must be 
increased in maximal amplitude by 50 per cent in order to constitute a recog- 
nizable change. In the previously referred to study of atrial enlargement by 
means of casts, such increases in maximal amplitude were only reached with 
80 per cent enlargement of the linear dimensions of the right atrium.?° To be 
recognized in the conventional electrocardiogram, the P-wave duration would 
need to be increased by 20 per cent, and in the study mentioned such degrees of 
prolongation occurred only with 20 per cent or more enlargement of the linear 
dimensions of either atrium. 


ELECTROCARDIOGRAPHIC EFFECTS OF ATRIAL ABNORMALITIES 


In routine electrocardiographic interpretation the duration, maximal ampli- 
tude, and general contour of the P waves are observed. Criteria of normal and 
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tables of normal limits for amplitude and duration of this wave for various ages, 
heart rates, and specific leads are available.'’:*°-* High, peaked waves in Leads 
II, II], and Vr and wide, notched waves in the standard and unipolar limb leads 
are the major abnormalities of form which are noted in the presence of sinus 
rhythm. In a few instances atrial infarction has been recognized by elevation 
of the P-T, segment.**-#° The incidence of atrial infarction at autopsy has been 
investigated by Cushing and associates,*! who reported the atria to be involved 
in 17 per cent of a series of 182 cases of myocardial infarction. Bean,* however, 
observed atrial involvement in only 3 of 300 hearts with myocardial infarction, 
and Wartman and Hellerstein* found a 7 per cent incidence of atrial infarction 
in 132 infarcted hearts. Several authors have emphasized the frequent occur- 
rence of atrial dysrhythmias in patients with atrial infarction. Abramson and 
associates“ studied the electrocardiographic effects of experimental injury to 
the auricular myocardium and found elevation of the P-T, segment in various 
leads, depending on the site of the injury. Sanders* also studied experimental lo- 
calized auricular necrosis and reported frequent alterations of the P-T, segment. 
James and Geoghegan** produced experimental auricular injury by injection 
of air into the ventricular cavity and described the sequential alterations of 
direct auricular leads. These began with displaced P-T, segments and evolved 
into tracings with a sharp auricular recovery wave. 

The most frequent abnormalities of the P waves by current standards occur 
in the presence of heart disease and usually reflect fairly marked degrees of atrial 
enlargement. Criteria which would permit recognition of less marked degrees 
of enlargement would obviously be desirable. It is common knowledge that 
right atrial enlargement is often associated with tall, sharply pointed P waves 
which are usually most evident in Leads II, III, and Vr, and that left atrial 
enlargement often results in wide, notched P waves in one or more of the standard 
leads. There are, however, frequent apparent exceptions to these generalities, 
and tall P waves occur in a number of patients with mitral valvular lesions in 
whom left atrial enlargement may be expected. Gibert-Queralté and associates*’ 
reported that the ‘‘mitral P wave’’ with increased duration and notching or a 
flat top, without increased amplitude, occurred in only 30 per cent of a series 
of patients with mitral stenosis. Increased amplitude simulating “‘pulmonary 
P waves” was frequent in these patients, and, in general, appeared in those with 
pulmonary hypertension. These authors reported decreased amplitude of the 
P waves in relation to the reduction of pulmonary hypertension after mitral 
commissurotomy. Lewis and associates*® reported, however, that the incidence 
of moderate or marked left atrial enlargement was approximately the same in 
patients with mitral stenosis with and without abnormal P waves. They also 
reported that elevations of pulmonary arteriolar resistance were comparable in 
patients with and without abnormal P waves. They did find a greater incidence 
of right ventricular enlargement in patients with mitral stenosis and abnormal 
P waves than in those with normal P waves. In their opinion the relationship 
of abnormal P waves to the severity of stenosis and the degree of pulmonary 
arteriolar obstruction was ambiguous. In an extensive study of normal and 
abnormal P waves, Thomas and Dejong*® concluded that right atrial abnormality 
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could be recognized by P waves in Lead CR, which were more than 2.5 mm. in 
amplitude and diphasic, pointed or bifid, with the first peak having the greater 
amplitude. In their study, left atrial abnormality was manifest by P waves in 
Leads CR, or CR; that were more than 3 mm. in amplitude and bifid, with the 
second peak being larger, or by an abnormally long interval between the peaks 
of a bifid wave in any lead. Combined atrial enlargement was suggested by a 
combination of these findings. These authors also found evidence of right atrial 
abnormality in a third of their patients with mitral stenosis, and moderate symp- 
toms in half of the more severe cases and those with cardiac enlargement. They 
state that the ECG evidences of right atrial abnormality were most marked in 
the cases with clinical evidence of pulmonary hypertension. Wood*? found tall, 
sharp P waves to be the most significant electrocardiographic abnormality in 
cases of chronic pulmonary heart disease and reported their occurrence in 85 of 
100 cases. He also reported an association between this finding and elevated 
right ventricular pressure. Fox and Kremer,* however, studied the atrial com- 
plex in the electrocardiograms of patients with pulmonary tuberculosis and con- 
cluded that P-wave abnormalities could not serve as a criterion for the existence 
of cor pulmonale. 

It is apparent that altered size and shape of the atria are factors in producing 
the abnormal P waves associated with atrial enlargement. It has also been sus- 
pected that decreased conduction velocity of the excitation process may be a 
factor in P-wave prolongation with atrial disease. Deeply notched P waves of 
greater than normal duration attributed to defective intra-auricular conduction 
have been reported by Feiring®? and by Decherd and associates. In Sanders’ 
experimental study of localized atrial necrosis he reported that in 2 out of 37 
instances intra-auricular block manifested by unusually tall, broad, slurred, and 
notched auricular complexes occurred.* At present the possible role of localized 
atrial lesions in the production of increased P-wave duration is not clear. Fur- 
ther experimental study of the effect of localized and generalized atrial disease 
on the conduction velocity and excitation pattern would be extremely pertinent 
to the aim of improving electrocardiographic diagnosis of atrial abnormalities. 

Of major importance for future studies directed at improving the diagnosis 
of atrial abnormalities is a detailed description of the range of variation of normal 
atrial complexes. This applies not only to the range of variation encountered 
in large numbers of normal records but also to the range in records from single 
individuals on different occasions and under different circumstances. Definition 
of the latter range and the factors responsible for it would permit more rational 
use of the serial records of individual subjects for the identification of abnormal 
atria. Gross®* studied the influence of rate on the shape of the P wave in Lead II 
and reported that low rates favor a peaked or notched shape, while high rates 
usually occur with a rounded shape of the wave. Lepeschkin* states that the 
duration of the P wave decreases with increasing cardiac rates, and Kesselman 
and associates® found decreased duration of the entire atrial complex with in- 
creased atrial rates in patients with complete heart block. Ashman and Hull*® 
also state that the duration of the P wave varies inversely with the heart rate. 
Scherf** reported periodic changes in the form of the P waves in association with 
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partial heart block and suggested that variations in vagal tone influenced the 
site of impulse formation or their pattern of spread over the atria. Further and 
more detailed description of the normal variations of the atrial complex would 
be an important step toward improved recognition of atrial abnormalities. 


SPECIAL TECHNIQUES AND ANALYSES APPLIED TO THE DETECTION OF ATRIAL 
ABNORMALITIES 


A variety of recordings other than conventional electrocardiograms, and 
analyses other than those routinely employed in electrocardiographic interpre- 
tation have been investigated in attempts to improve the recognition of atrial 
abnormalities. Langer®’ recorded high-fidelity, high-gain electrocardiograms 
with a time scale of 330 mm. per second from the cathode-ray oscilloscope. He 
reported that P waves have a much more complex wave form than is apparent 
in conventional electrocardiograms and suggests that the method may be useful 
for the study of auricular excitation. Systematic investigation of the range of 
normal variation of atrial complexes recorded in this manner and of the effects 
of atrial abnormalities have not yet been carried out, but such records may well 
provide useful diagnostic information in excess of that furnished by the ordinary 


electrocardiogram. 

The PsE loop of the spatial vectorcardiogram recorded with several electrode 
systems has been described for normal subjects and for small numbers of patients 
with atrial abnormalities.**-® Sano and co-workers® reported normal PsE loops 
to be small, closed or only slightly open, and directed almost entirely downward. 
The loop of left atrial enlargement was larger and more open and the maximal 
vector was directed posteriorly, inferiorly, and to the left. That of right atrial 
enlargement was largest and most widely opened and was directed anteriorly 
and downward. The authors concluded that the PsE loop was often helpful 
clinically in the differentiation between right and left atrial enlargement when 
standard electrocardiograms were equivocal. At present, vectorcardiographic 
studies of the atrial complex are not numerous enough to prove or disprove the 
usefulness of the technique in identifying atrial abnormalities. As is true of 
other electrical events in the heart, the simultaneous effects of these events on 
more than one lead axis may provide useful information other than that furnished 
by the electrocardiogram. Further studies of the atrial vectorcardiogram are 
certainly in order. 

Esophageal electrodes provide a method of obtaining ‘‘semidirect”’ atrial’ 
leads.“ The major use of such leads to date has been in the identification of 
the cardiac mechanism, but it is probable that they may also be useful in the 
recognition of anatomic abnormalities of the atria.™-*7 Oblath and Karpman*® 
have described the form of the normal esophageal electrocardiogram and reported 
in tabular form the variations in amplitude and duration of the various com- 
ponents. Hecht and Woodbury” recorded direct electrocardiograms from human 
auricular muscle in situ and concluded that their form could be explained as the 
effects of a moving dipole on the electrode. They applied this concept to semi- 
direct esophageal leads and concluded that the intrinsicoid deflection in these 
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leads could be employed to estimate left auricular hypertrophy. They further 
concluded that a broad, bifid P wave in Lead I and sharply diphasic P waves 
in Lead V,; could be considered to result from left auricular enlargement. The 
second hump of the P wave in standard leads and the negative trough in Lead 
V: were found to coincide with the onset of the intrinsicoid deflection in eso- 
phageal leads. They felt, however, that right auricular hypertrophy could not 
be diagnosed from the electrocardiogram because there is no semidirect thoracic 
lead reflecting the changes of the right atrium. In studying patients with tall, 
upright P waves in Leads II and III they found that esophageal leads did not 
show late activation of the left auricle, and therefore postulated that such P 
waves are not caused by unilateral auricular hypertrophy but may be primarily 
the result of abnormal cardiac rotation or of dilatation. 

One of the major difficulties in the use of esophageal electrodes has been the 
technical one of a shifting base line, which is produced mainly by variations in 
the contact of electrode and esophageal wall. This difficulty can be largely 
overcome with the use of a simple saline-bridge electrode described by Brody.”° 
Brody and Copeland” have also employed advanced electrocardiographic con- 
cepts, including that of the lead field, to develop a group of laws relating the 
form and magnitude of esophageal electrocardiograms to the electromotive forces 
of the heart. These steps of improving the technique and providing a sound 
theoretical basis for the interpretation of the esophageal electrocardiogram are 
important advances and may contribute significantly to improved recognition 
of atrial abnormalities. 

Macruz and co-workers” have suggested an interesting technique of analysis 
aimed at improving the diagnosis of atrial enlargement from the conventional 
electrocardiogram. Their analysis is based on the temporal relations of various 
events within the P-R interval of the electrocardiogram. The beginning of the 
P wave represents the onset of excitation in the right atrium and is followed 
successively by the onset of excitation in the left atrium, activation of the A-V 
node, and completion of excitation in the right atrium, all occurring at indetermi- 
nate points during the inscription of the P wave. Completion of left atrial exci- 
tation occurs at the end of the normal P wave. The authors reasoned that left 
atrial enlargement would not prolong the time necessary for excitation to reach 
the A-V node, but would prolong the total duration of the P wave itself. Thus, 
the P-R segment would be shortened and the P-wave duration increased, while 
the P-R interval would be unchanged. Right atrial enlargement, on the other 
hand, would be expected to prolong the interval between the onset of right atrial 
excitation and delivery of activation to the A-V node. According to the authors, 
the P-wave duration would be unaffected unless the enlargement were sufficient 
to make terminal excitation of the right atrium later than that of the left atrium. 
Thus, right atrial enlargement would be expected to prolong the P-R interval 
and alter the P-wave configuration but not usually affect the P-wave duration. 
The authors propose the ratio of P-wave duration to P-R segment duration as an 
index of atrial enlargement, and from clinical data reported they suggest that a 
ratio of less than 1 indicates right atrial enlargement and a ratio greater than 1.6 
suggests left atrial enlargement. In the theoretical analysis presented the au- 
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thors do not take into account the possibility that left atrial excitation may have 
a later than normal onset in the presence of right atrial enlargement, because of 
the increased mass of right atrium which must be traversed prior to left atrial 
excitation. P-wave prolongation might thus be produced by right atrial enlarge- 
ment even though left atrial activation is the terminal event during the P wave. 
The major point of the analysis, however, is that left atrial enlargement would 
be expected to shorten the P-R segment while right atrial enlargement would 
not, and this point still appears to be valid, since not only the onset of left atrial 
excitation but the time of A-V nodal excitation would be expected to be delayed 
in right atrial enlargement. The proposed ratio appears to deserve widespread 
clinica! application in order to determine its merit as an index of atrial enlarge- 
ment. 


SUMMARY 


Current use of the electrocardiogram in the recognition of atrial abnormali- 
ties is based on increased duration and/or amplitude of the P waves and on gross 
abnormalities of form, such as pronounced notching, or the rare occurrence of 
P-T, segment elevation with atrial infarction. These abnormalities are usually 
the result of severe atrial pathology, and it is likely that less marked abnormali- 
ties may be recognized and more precisely differentiated by electrocardiographic 
methods. Several types of studies are appropriate to achieve this aim. More 
detailed knowledge of the sequence and conduction velocity of electrical events 
in normal and diseased atria would be very desirable. Such information could 
be employed to derive the expected form of the normal atrial complex in ECG 
leads or other displays of atrial activity and to predict the effect of various lesions. 
Recording equipment with expanded time scale and higher gain and fidelity than 
current electrocardiographs is desirable for the study of electrical events in the 
atria. Recordings other than conventional electrocardiograms may provide 
certain items of useful information which cannot be extracted from ECG leads. 
Remote-lead systems which include a projection of electrical activity on an 
antero-posterior axis, and critical study of P waves in esophageal leads may 
contribute to improved recognition of atrial abnormalities. Clinical studies in 
which the range of normal variation is defined, not only for amplitude and du- 
ration but also for detailed form of the P waves, PsE loops, or other records of 
atrial activity, will be necessary. Finally, detailed description of the atrial com- 
plex in various specific abnormalities must be carried out and the presence of 
the lesions confirmed at autopsy. These are the same general steps by which 
useful information concerning the ventricular complex has been and is continuing 
to be obtained. It is likely that the same approach applied to the atrial complex 
will result in improved criteria for the electrocardiographic recognition of atrial 
abnormalities. 
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Letter to the Editor 


DEPARTMENT OF DISEASES OF THE CHEST 
Faculty OF MEDICINE 

UNIVERSITY OF ALEXANDRIA 
ALEXANDRIA, EGYPT 

FEBRUARY 21, 1959 


To the Editor: 


Your Editorial in the January issue was read with great interest, especially in regard to the 
inclusion in the Journal of ‘Letters to the Editor.” Since provocative ideas for research are 
solicited, I herewith submit the following idea for a catheter, hoping that it will find critical 
judgment and a responsive manufacturer. The cardiac catheter which I propose is somewhat 
similar to the double way of Cournand, but it would embody two thermocouple electrodes at the 
distal ends. The near thermocouple should be at the proximal opening of the ordinary double 
way, while the other would simply be a woven extension without lumen but carrying the wires 
of the distal electrodes of the second thermocouple at a distance of 12 centimeters from the first. 
Thus, only 3 wires are needed, one being a neutral to serve the other two electrodes. The outfit 
is connected to a double-channel recording device capable of measuring minute differences in 
temperature (1/100th of one degree centigrade). 

The idea is as follows: If a steady flow of a known volume of saline is injected in the catheter 
at a temperature registered by the first electrode, the differences in temperature in the second 
electrode will determine both the velocity and the dilution in the medium through which it has 
passed by simple calculation of mass heat gain or loss. Thus, the cardiac output and the individual 
stroke volume (3-channel recording against ECG) can be easily determined without recourse 
either to gas analysis or to dye estimation. The stroke volume has always been a bugbear among 
research workers, and this method seems to be a perfect answer to its individual estimation and 
variation under stress. The method can also be applied to calculate the flow in each lung sep- 
arately. When the catheter is introduced into the aorta, the flow can be measured immediately, 
as well as the rate of flow to an organ by introducing the woven end into the feeding artery. 


H. A. ZAKy 
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Book Reviews 


RADIOISOTOPE IN DER HERZDIAGNOSTIK. By Hans Ludes, M.D., and Gerhard Lehnert, M.D., 
Jena, 1958, Gustav Fischer Verlag, 62 illustrations, 15 tables, 107 pages. 


In their foreword, the authors raise the question as to whether a monograph in so recent a 
field as the application of isotopes in the diagnosis of heart disease might not be premature. While 
many of the applications are still in the experimental phase, this compact volume is timely and 
presents a well-written introduction to and review of this fast-developing and promising area. 
The book has been prepared on the basis of extensive experimental experience. One of the authors 
has also visited the important laboratories of isotope research in cardiovascular diseases in the 
United States. In spite of the small size of the volume, the review is quite comprehensive and 
the results of the authors are well integrated with other information. 

In a short introduction the important question of technique, dosage, and radiation protection 
is discussed. The application of radioactive isotopes is divided into three basic phenomena: 
dilution (blood and cardiac volume), transport (partial cardiac and pulmonary circulation times), 
and accumulation or clearance of isotope concentration in the heart (coronary circulation). The 
various applications of isotopes are discussed after a brief historical review of other preceding 
and existing methods. The determination of coronary circulation is singled out by Knipping, in 
his foreword, as perhaps the mcst promising field for routine application in the near future. 

It is unavoidable that important progress has been made since this volume went to press, 
including developments at the authors’ own laboratory. This, however, does not detract from 
the value of the book, which is an excellent basis for following up recent developments. 


HANDBOOK OF CARDIOLOGY FOR NursEs. By Walter Modell, M.D., F.A.C.P., Associate Professor, 
Cornell University Medical College; Attending Physician, New York Veterans Adminis- 
tration Hospital; Associate Attending Physician, Bellevue Hospital; and Doris R. Schwartz, 
B.S., R.N., Assistant Professor, Cornell University-New York Hospital School of Nursing; 
Public Health Nursing Coordinator, Comprehensive Care and Teaching Program, The New 
York Hospital-Cornell Medical Center. New York, 1958, Springer Publishing Company, 
Inc., 328 pages. 


This book is composed of two main sections: the first is a simplified text on cardiology for 
the nurse, and the second is on the nursing care of the cardiac patient. From the point of view 
of the reviewer, a physician who cares for patients with heart disease, the section on cardiology 
is good, containing the sort of information necessary for the nurse who assists in the care of the 
patient, and, in addition, information which will help the nurse to understand the physician's 
purpose in carrying out various diagnostic and therapeutic measures. One would like to see more 
emphasis and encouragement directed toward the nurse in the use of her own powers of obser- 
vation, for in many aspects of the care of the cardiac patient she has the best opportunity to 
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observe certain reactions and occurrences, especially transient ones. In the section on nursing 
care, all aspects of the care of cardiac patients are considered, including a chapter on the care of 
the patient undergoing cardiac surgery. Most physicians will like the admonition to spare the 
sick cardiac patient unnecessary observation and attention. A case history is used to illustrate 
how the nurse may function in the care of a family in which a responsible member is chronically 
ill with heart disease, and how she may make use of community resources in helping them. 

One wishes that the authors had attempted to combine their talents in certain chapters, 
especially those relating to the sick cardiac patient. Many nurses would appreciate a well-chosen 
list of references to the medical literature. 


You Can INCREASE YouR HEART-Power. By Peter J. Steincrohn, M.D., F.A.C.P., Garden City, 
N. Y., 1958, Doubleday & Company, Inc., 381 pages. 


This volume, intended for the patient with real or imaginary heart disease, is more likely to 
confuse than to enlighten. The author in his introduction modestly states: ‘In this book you 
will read (and learn) about many facets of heart diseases. I shall show you how to conserve and 
increase your heart-power. Whatever your complaint, REAL heart disease or IMAGINARY 
heart trouble, I guarantee that you will come away with as great an understanding of your heart 
as you will ever want to have. Somewhere in this book you will find the solution to your own 
heart problem, present or future.’”” The egocentric, verbose tract that follows the introduction 
fails almost completely to fulfill the author’s guarantee. 

The central theme of the book is the notion that each of us in his lifetime (reckoned from the 
fourth week of gestation, when the heart begins to beat) has a total of about three and a half 
billion heartbeats allotted. When these are used up, life is necessarily at an end. It follows, 
although the author does not clearly say so, that longevity is directly related to pulse rate. He 


puts it this way: “If you are a spendthrift, if you carelessly throw away these precious beats as 


if their source were unending—you will run short of them much before you reach seventy. 
He adds a little later: ‘‘Whether you drive your heart at high speeds and recklessly is entirely 
up to you. That is why your heart’s in your own hands.” 

To the extent that the theme is doggedly followed throughout the book, the author is quite 
logical. He assures us that ‘You can learn the art of relaxation,’ and that “exercise is bosh.” 
Fatigue is said to drain off heart-power. Even the weather is indicted as an enemy of those; who 
spend their heart-beat bank balance unwisely. ‘I think,” we are told, ‘we should all take a daily 
peek at the barometer.” 

To this point, the author’s ramblings are largely harmless, except insofar as they may lead 
patients, and possibly physicians, to accept almost total inactivity as prophylactically desirable. 
His dicta on anticoagulants, in spite of his careful indication that they may be dangerous, are 
questionable. The patient is assured that when the drugs are used properly, “. . . there is little 
to lose and much to gain.’’ No mention of the extremely uncertain position of anticoagulants in 
cardiovascular therapy, and specifically in the treatment of myocardial infarction, is made. Simi- 
larly, the possibility that Dexedrine as used in the management of obesity may be hazardous is 
summarily dismissed. The end result of the chapter on obesity, which contains many sound 
recommendations, will almost certainly be to encourage patients to seek treatment of obesity 
by means of drugs and to reject more tedious dietary methods. Also on the debit side is the bland 
statement that “‘“. . . many coronary patients might benefit from consultation with a qualified 
thoracic surgeon.”” The reference is to operations designed to promote revascularization of the 
ischemic myocardium, none of which has achieved wide acceptance. The patient, one must sup- 
pose, should not be permitted to know that unanimity of professional opinion on such matters 
has not been reached. And many a modern devotee of enlightened physical diagnosis will cringe 
when he reads: “As a diagnostic tool, most cardiologists would be lost without it [the ECG]. 
If I have to choose between that and my stethoscope, I would put my stethoscope in cold storage 
without hesitation.” 

Finally, this poorly organized and frequently misleading discourse does not begin to meet 
its avowed purpose. One gets the impression that it was dictated at high speed without benefit 
of outline or notes, that such of its message as is acceptable could easily be put in one tenth of 
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the space, and that the physician who recommends it for his cardiac patients should do so with 
caution. Although some good advice and valid information can be found scattered through its 
381 pages, the over-all effect is most unfortunate. It is more likely to impose a barrier between 
the patient and his physician than to enhance the relationship. This is especially true if the phy- 
sician does not accept Dr. Steincrohn’s message en bloc. 

An adequate notion of the book’s impact and real purpose is provided by the author’s final 
admonition: ‘‘Review your spending habits. Have you been profligate? Have you been throw- 
ing away your precious wealth to the four winds? Then take heed! Become miserly with your 
remaining heartbeats. Be jealous of your heart-power.”’ 


ELECTROCARDIOGRAPHY. By Michael Bernreiter, M.D., F.A.C.P., Assistant Clinical Professor 
of Medicine, University of Kansas Medical School; Chief of Electrocardiography, St. Mary’s 
Hospital, Kansas City, Mo.; Fellow of the American College of Cardiology and Fellow of 
the American College of Chest Physicians. Philadelphia, 1958, J. B. Lippincott Company, 
134 pages. 


The author presents an outline of the commonly accepted bases used in the interpretation of 
electrocardiographic tracings, as well as samples of each of the common findings of electrocardi- 
ographic interest. However, the discussion of basic principles, such as depolarization and re- 
polarization, is so sketchy and the use of common terms so inexact (e.g., repolarization is equated 
with relaxation of muscle), that the serious student will need to go immediately to other sources 
for clarification. 

As to the practical technique of reading electrocardiograms, some objection may be made 
to the author’s arbitrary decisions. For example, he defines first degree A-V block by a P-R in- 
terval above 0.20 second, without mention of rate or age. Several other specific objections could 
be offered. 

This book cannot be recommended to the internist, the general practitioner, or the medical 


student. 


Announcements 


At the suggestion of Dr. Paul D. White, the INTERNATIONAL SocIETy OF CARDIOLOGY FouN- 
DATION was initiated. This Foundation’s aim is to encourage and finance scientific research within 
the scope of the International Society of Cardiology. We are indebted to Dr. White for having 
stimulated private generosity, which has already resulted in important donations. 

The Committee of the Foundation includes: P. D. White, Boston (President); I. Chavez, 
Mexico City; D. E. Bedford, London; P. W. Duchosal, Geneva; F. D. Mayer, Chicago (attorney); 
Mrs. J. Stern (secretary). The Treasurer is L. N. Katz, Chicago. 

Several research workers from various countries have already received sizable support from 
this Foundation. Applications should be sent to the President. 

This commendable Foundation should be fully supported and constantly provided with 
means for its activities. As a particularly praiseworthy example of cooperation, we would like 
to single out the generous contribution of the Finnish Society of Cardiology. 

We invite the financial support of all persons wishing to contribute to the progress in cardio- 
logical research at the international level, and we kindly request the readers of this Journal to 
give their constructive attention to our appeal and to make it known. 
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THE 6TH INTERNATIONAL CONGRESS FOR INTERNAL MEDICINE will be held in Basel, Switzerland, 
from August 24 through 27, 1960. The Congress will be organized in conjunction with the Swiss 


Society for Internal Medicine. 
For further details, write to the Secretariat of the 6th International Congress for Internal 


Medicine, i3, Steinentorstrasse, Basel, Switzerland. 


THE FourtH INTERNATIONAL CONGRESS OF THE INTERNATIONAL CARDIOVASCULAR SOCIETY 
will be held in Munich, Germany, Sept. 18-20, 1959. Address correspondence to Dr. Henry 
Haimovici, Secretary-General, 715 Park Avenue, New York 21, N. Y. 


THe TentH ANNUAL Fisk UNIVERSITY INFRARED Spectroscopy INsTITUTE will be held in 
Nashville, Tenn., at Fisk University, August 24-29, 1959. 

The Fisk Infrared Institute is designed to provide chemists, physicists, engineers, and medical 
scientists with sufficient background training to make effective use of infrared spectroscopy in 


their laboratories. 
Further information as well as application forms may be obtained by writing to Nelson Fuson, 


Director, Infrared Spectroscopy Institute, Fisk University, Nashville 8, Tenn. 
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onary heart disease (White), 207 
population studies, clinical observations on 
coronary heart disease in (White), 203 


Esophageal electrocardiography, principles of 
(Brody and Copeland), 3 
electrode, new, clinical evaluation of, with 
particular reference to bipolar eso- 
hageal electrocardiogram. Part I. 
Normal sinus mechanism (Copeland, 
et al.), 862 


cor- 


956 
| 
| 
| 
| 


SUBJECT INDEX 


Esophageal electrocardiography—Cont’d 
Part II. Observations in cardiac ar- 
rhythmias (Copeland, et al.), 874 
lead, bipolar, some special properties of 
(Brody and Copeland), 10 
in diagnosis of tachycardias with aberrant 
acme conduction (Rubin, et al.), 
Exit block, idioventricular parasystole with, 
in subject with complete atrioven- 
tricular dissociation (Rossi, et al.), 775 
Extrathoracic ectopia cordis: report of cases 
and review of literature (Millhouse 
and Joos), 470 


F 


Failure, congestive, relief of angina and, by 
Hufnagel valve: Subsequent term 
pregnancy (Crockett, et al.) 144 

heart, congestive, and hypertension, effects 
of Su-5879 (Esidrix) in: clinical eval- 
uation (Hejtmancik, et al.), 490 

Fallot’s tetralogy and pulmonary stenosis with 
intact ventricular septum, use of amyl 
nitrite in differentiation of (Vogel- 
poel, et al.), 803 

Fibrillation, tachycardia and, _ ventricular, 
transmembrane electrical potentials in 
(Hogancamp, et al.), 214 

ventricular, abnormal electrocardiographic 
pattern and its relation to, (observa- 


tions during clinical and experimental 
hypothermia) (Boba), 255 
Fibroelastosis, endocardial, right-sided,  tri- 
cuspid stenosis in association with 
right ventricular hypertrophy and 
coexistence of (Abdin and Abdin), 98 
Flow, velocity and, blood, Pitot-static method 
for computation of, aay report 
(Breme and Rao), 7 
Flumethiazide, diuretic agent, clinical pharma- 
cology of (Montero, et al.), 484 
Frank's lead system, clinical value of Burger’s 
concept as applied in (Sano, et al.), 
606 


Frontal plane, further study of cardiac vectors 
in (Zao, et al.), 66 
Fusion, zones of potential interference, disso- 


ciation and: with observations on 
contour of retrograde P waves (Bix 
and Marriott), 423 


G 


Ganglionic blockade, effect of, on venous pres- 
sure and blood volume: further evi- 
dence in favor of increased venomotor 
tone in congestive heart failure (Lewis, 
et al.), 897 


dimensional, applications of electro- 
kymography based on comparison 
with records from, in situ (Greer, et 
al.), 430 
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Great vessels, corrected transposition of (de 
la Cruz, et al.), 112 
embryologic explanation for corrected 
transposition of: additional descrip- 
tion of main anatomic features of 
this malformation and its varieties 
(de la Cruz, et al.), 104 


H 


Heart, antemortem diagnosis of metastatic 
sarcoma to: case report (Frohlich, et 
al.), 623 
block, transient, Adams-Stokes syndrome 
during normal sinus rhythm and. 
I. Effects of Isuprel on patients with 
Adams-Stokes syndrome during nor- 
mal sinus rhythm and transient heart 
block (Schwartz and Schwartz), 849 
combined catheterization of, utilizing modi- 
fied transbronchial technique, per- 
cutaneous left ventricular puncture, 
and venous and arterial catheteriza- 
tion (Davila, et al.), 514 
deformities, congenital, postpericardiotomy 
syndrome in (Johnson), 643 
disease, congenital, mean ventricular axis in: 
study considering natural incidence of 
malformations (Martins de Oliveira, 
et al.), 820 
coronary, clinical 
epidemiological 
(White), 203 
etiological factors concerned with causation 
of, in Turkey (Vural, et al.), 333 
rheumatic, associated with atrial septal 
defect: clinical and pathologic study 
of 12 cases of Lutembacher’s syndrome 
(Espino-Vela), 185 
congestive, acetyl strophanthidin 
sensitivity in dogs with (Bliss and 
Adolph), 886 
and hypertension, effects of Su-5879 
(Esidrix) in: clinical evaluation 
(Hejtmancik, et al.), 490 
further evidence in favor of increased 
venomotor tone in; effect of ganglionic 
blockade on venous pressure and blood 
volume (Lewis, et al.), 897 
human, exposed, direct recording of heart 
sounds and murmurs from epicardial 
surface of (Magri, et al.), 449 


of dog, focal application of hypertonic 
solutions of sodium chloride on im- 
pulse formation in (Scherf, et al.), 383 


potential variations at epicardial surface of, 
theoretical basis of unipolar morpholo- 
gies and its correlation with vectorial 
analysis, with cardiac activation, and 
with; importance of unipolar mor- 
phologies in interpretation of elec- 
trocardiogram (Sodi-Pallares, et al.), 
590 

primary tumor of: report of case with myxo- 
fibroma of right ventricle (Kishimoto 
and Sakaibori), 769 


right, recatheterization of, in ventricular 
septal defect (Downing) 669 


observations on, in 
population studies 


failure, 
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Heart—Cont'd 
sounds and murmurs, direct recording of, 
from epicardial surface of exposed 
human heart (Magri, et al.), 449 
spherical dynamics of (myocardial tension, 
oxygen consumption, coronary blood 
flow and efficiency) (Rodbard, et al.), 
348 
Heart-power, your, you can increase, 944 (B. 
Rev.) 
Heat, “dry,” effects of, on circulation of man. 
II. Splanchnic hemodynamics (Traks 
and Sancetta), 438 
Hemodynamic observations on camel (Braun, 
et al.), 94 
studies in acute myocardial infarction (Broch, 
et al.), 522 
Hemodynamics, splanchnic (II); effects 
“dry” heat on circulation of man 
(Traks and Sancetta), 438 
pulsations, coupled, in_ tricuspid 
incompetence (new physical sign) 
(Terry), 158 
High molecular substances, myocardial infarct- 
like lesions and arteriosclerosis in- 
duced by, and prevention by mag- 
nesium salt (Shimamoto, et al.), 273 
Hufnagel valve, relief of angina and congestive 
failure by: subsequent term preg- 
nancy (Crockett, et al.), 144 
Human heart, exposed, direct recording of heart 
sounds and murmurs from epicardial 
surface of (Magri, et al.), 449 
Hyaluronidase, intravenous injection of, in 
acute myocardial infarction: pre- 
liminary report of clinical and experi- 
mental observations (Martins de 
Oliveira, et al.), 712 
Hypertension, effects of Su-5879 (Esidrix) in 
congestive heart failure and: clinical 
evaluation (Hejtmancik, et al.), 490 
essential, prognosis in (Mathisen, et al.), 371 
Hypertonic solutions of sodium chloride, focal 
application of, on impulse formation 
in heart of dog (Scherf, et al.), 383 
Hypertrophy, ventricular, left, digitalis effect 
in; cardiac vectors in frontal plane 
(Zao, et al.), 71 
right, electrographic study of, in pulmonic 
stenosis (Brusca, et al.), 134 
tricuspid stenosis in association with, and 
coexistence of right-sided endocardial 
fibroelastosis (Abdin and Abdin), 98 
Hypocalcemic electrocardiographic abnormal- 
ities in diseases of liver (Spodick), 118 
Hypoplasia of aorta: report of case (Pyérala, 
et al.), 289 
Hypotension, postural, following dorsal sympa- 
thectomy in coarctation of aorta: 
correction by resection of coarctation 
(Evans, et al.), 926 
Hypoxia, passivity of pulmonary vasculature 
in (Rodbard and Harasawa), 232 


I 


Idioventricular parasystole with exit block in 
subject with complete atrioventricular 
dissociation (Rossi, et al.), 775 


Hepatic 


SUBJECT INDEX 


I-J acceleration-force, systolic, values of 51 
normal male subjects from ultralow- 
fequency pendulum _ballistocardio- 
graphic system (Hollis), 730 

stroke, systolic, acceleration-force values of 
49 male subjects from roller ball-bear- 
ing ballistocardiographic bed, observa- 
tions on (Hollis), 738 

Impulse formation, focal application of hyper- 
tonic solutions of sodium chloride on, 
in heart of dog (Scherf, et al.), 383 

Incompetence, tricuspid, coupled hepatic pulsa- 

tions in (new physical sign), 158 
| (Freundlich and Sereno), 
654 
| myocardial, acute, hemodynamic studies in 
(Broch, et al.), 522 
intravenous injection of hyaluronidase 
in (Martins de Oliveira et al.), 712 
anterior, old; cardiac vectors in frontal 
plane (Zao, et al.), 68 
associated with ventricular aneurysm, 
hemorrhagic pericardial effusion fol- 
lowing (Greenfield and Dillon), 327 
complicating, value in diagnosis of; de- 
terminations of serum enzymes in 
surgical patients (Weisberg and Samp- 
son), 240 
flare-up of pericarditis complicating, after 
two years of steroid therapy (Dres- 
sler), 501 
posterior, old; cardiac vectors in frontal 
plane (Zao, et al.), 69 
Influenza, Asian, electrocardiographic studies in 
(Gibson, et al.), 661 
Infundibular stenosis, isolated (Blount, et al.), 
684 


Insufficiency, mitral, pure, phonocardiographic 
study of apical diastolic murmurs in 
(Hubbard, et al.), 223 

pulmonary, chronic, factors involved in 
digitalis sensitivity in (Baum, et al.), 
460 

Interference, dissociation, and fusion, poten- 
tial, zones of: with observations on 
contour of retrograde P waves (Bix 
and Marriott), 423 

Isuprel, effects of, on patients with Adams- 
Stokes syndrome during normal sinus 
rhythm and transient heart block (1); 
Adams-Stokes syndrome during nor- 
mal sinus rhythm and transient heart 
block (Schwartz and Schwartz), 849 


J 
Juxtacardiac leads, diaphragmatic: their value 
in study of spread of activation and 
QRS complex of heart’s diaphragmatic 
surface (Barbato, et al.) 263 


K 


| Kinetocardiographic tracings as aid in differ- 
| entiation of three-sound rhythms 
(Jeffries), 904 


| Knotted embolism, paradoxic and (Zettner), 
921 


SUBJECT INDEX 


Korotkoff sounds, graphic recording of (Geddes, | 


et al.), 361 
L 


Lead, esophageal, in diagnosis of tachycardia; | 


with aberrant ventricular conduction 
(Rubin, et al.), 19 
system, Frank’s clinical value of Burger's 
concept as applied in (Sano, et al.), 
606 
vectorcardiographic, system, new (Wenger 
and Hupka), 340 
juxtacardiac, diaphragmatic: their 
value in study of spread of activation 
and QRS complex of heart’s dia- 
surface (Barbato, et al.), 
6 
mathematical methods for analyzing (Helm), 


Leads, 


unipolar, importance of, in interpretation of 
electrocardiogram (Sodi-Pallares, et 
al.), 600 
Lesions, cardiac, sensitization by dihydrotachy- 
sterol (DHT) and calcium acetate for 
induction of, by various agents (Selye, 
et al.), 88 
myocardial infarct-like, and arteriosclerosis 
induced by high molecular substances, 
and prevention by magnesium salt 
(Shimamoto, et al.), 273 
Letter to editor, 942 
Levocardia (Portillo, et al.), 416 
Levocardias, dextropositions, dextrocardias, 
and dextrorotations, importance of 


unipolar leads in diagnosis of (Portillo, 
et al.), 396 


Lipid phosphorus, serum cholesterol and, in 
dogs on atherogenic regimen (Blake 
and Meng), 392 

Liver, hypocalcemic electrocardiographic ab- 
normalities in diseases of (Spodick), 
118 

Lutembacher’s syndrome, clinical and patho- 
logic study of 12 cases of; rheumatic 
heart disease associated with atrial 
septal defect (Espino-Vela), 185 


M 


Magnesium salt, myocardial infarct-like lesions 
and ateriosclerosis induced by high 
molecular substances and prevention 
by (Shimamoto, et al.), 273 

Malformation, Ebstein’s, clinical and phys- 
iologic studies in (Livesay), 701 

Malignant neoplasms, spatial vectorcardiogram 
of patients with (Golden, et al.), 751 

Mathematical methods for analyzing leads 
(Helm), 149 

Metastatic sarcoma to heart, antemortem 
diagnosis of: case report (Frohlich, 
et al.), 623 

Mitral insufficiency, pure, phonocardiographic 
study of apical diastolic murmurs in 
(Hubbard, et al.), 223 
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Morphologies, unipolar, importance of, in 
interpretation of electrocardiogram: 
theoretical basis of unipolar morpholo- 
gies and its correlation with vectorial 
analysis, with cardiac activation, and 
with potential variations at epicardial 
surface of heart (Sodi-Pallares, et al.), 
590 

Murmurs, diastolic, apical, phonocardiographic 
study of, in pure mitral insufficiency 
(Hubbard, et al.), 223 

heart sounds and, direct recording of, from 
epicardial surface of exposed human 
heart (Magri, et al.), 449 

Muscular dystrophy, progressive, myocardial 
disease associated with (report of 
2 cases) (Lisan, et al.), 913 

Myocardial damage, diffuse, and ventricular 
aneurysm, electrocardiographic and 
spatial vectorcardiographic pattern 
— with (Burch, et al.), 762, 
91 

disease associated with progressive muscular 
dystrophy (report of 2 cases) (Lisan, 
et al.), 913 
infarction, acute, hemodynamic studies in 
(Broch, et al.), 522 
intravenous injection of hyaluronidase 
in: preliminary report of clinical and 
experimental observations (Martins de 
Oliveira, et al.), 712 
associated with ventricular aneurysm, 
hemorrhagic pericardial effusion fol- 
lowing (Greenfield and Dillon), 327 
complicating, value in diagnosis of; deter- 
minations of serum enzymes in surgical 
patients (Weisberg and Sampson), 240 
flare-up of pericarditis complicating, after 
two years of steroid therapy (Dres- 
sler), 501 
infarct-like lesions and arteriosclerosis in- 
duced by high molecular substances, 
and prevention by magnesium salt 
(Shimamoto, et al.), 273 
Myocarditis (Saphir), 639 
of unknown etiology, recurrent ventricular 
tachycardia as chief manifestation of 
(Herman, et al.), 829 


Myomalacia and death, dissecting aneurysm 
of coronary artery producing (Iglauer, 
et al.), 630 

Myxedema cardiopathy, postoperative: un- 
usual instance which developed in 
immediate postoperative period. Case 
report and review of literature (Hoff- 
man), 463 


Myxofibroma of right ventricle, report of case 
with; primary tumor of heart (Kishi- 
moto and Sakaibori), 769 


N 


Necrosis, cardiac, chemical prevention of, 795 
(B. Rev.) 

Neoplasms, malignant, spatial vectorcardio- 
gram of patients with (Golden, et al.), 
751 
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O 


Output of volume, work, and power by right 
and left ventricles of man at rest in 

bed, study of influence of tropical 
weather on (Burch and Hyman), 247 


P 


P waves, retrograde, with observations on con- 
tour of ; zones of potential interference, 
dissociation, and fusion (Bix and 
Marriott), 423 

Paradoxic and knotted embolism (Zettner), 921 


Parasystole, atrial (Scherf, et al.), 507 
idioventricular, with exit block in subject 
with complete atrioventricular disso- 
ciation (Rossi, et al.), 775 


Paroxysmal auricular tachycardia related to 
phases of respiration (Berry), 782 
ventricular tachycardia: clinical and elec- 
trocardiographic study (Herrmann, et 
al.), 166 
electrocardiographic, abnormal, and 
its relation to ventricular fibrillation 
(observations during clinical and ex- 
perimental hypothermia) (Boba), 255 
Pericardial effusion, bedside diagnosis of 
(Korns), 479 
hemorrhagic, following myocardial infarc- 
tion associated with ventricular an- 


Pattern, 


eurysm (Greenfield and Dillon), 327 
physical signs of (Korns), 480 
Pericarditis, acute; cardiac vectors in frontal | 
plane (Zao, et al.), 70 
flare-up of, complicating myocardial infarc- 
tion after two years of steroid therapy 
(Dressler), 501 


Pendulum, ultralow-frequency, ballistocardio- 
graphic system, systolic I-J accelera- 
tion-force values of 51 normal male 
subjects from (Hollis), 730 


Pentolinium tartrate (Ansolysen), effect of, on 
blood pressure in terminal vessels and 
on capillary diameter (Davis, et al.), 
747 


Phase-inhomogeneities, role of, in esophageal 
electrocardiography (Brody and Cope- 
land), 12 

Phonocardiographic study of apical diastolic 


murmurs in pure mitral insufficiency 
(Hubbard), 223 


Phosphorus, lipid, serum cholesterol and, in 
dogs on atherogenic regimen (Blake 
and Meng), 392 

Pitot-static method for computation of blood 
velocity and flow; preliminary report 
(Breme and Rao), 77 

Plane, frontal, further study of cardiac vectors 
in (Zao, et al.), 66 

Population studies, epidemiological, clinical 
observations on coronary heart dis- 
ease in (White), 203 

Postpericardiotomy syndrome in congenital 
heart deformities (Johnson), 643 


SUBJECT INDEX 


Postural hypotension following dorsal sym- 
pathectomy in coarctation of aorta: 
correction by resection of coarctation 
(Evans, et al.), 926 

Potential variations at epicardial surface of 
heart, theoretical basis of unipolar 
morphologies and its correlation with 
vectorial analysis, with cardiac activa- 
tion, and with; importance of unipolar 
morphologies in interpretation of elec- 
trocardiogram (Sodi-Pallares, et al.), 
590 

Potentials, electrical, transmembrane, in ven- 
tricular tachycardia and fibrillation 
(Hogancamp, et al.), 214 

epicardial, direct, in right ventricular pre- 
ponderance (Wasserburger, et al.), 
578 

Pregnancy, term, subsequent; relief of angina 
and congestive failure by Hufnagel 
valve (Crockett, et al.), 144 

Premature beat, ventricular, of right ventricu- 
lar origin, vectorcardiographic anal- 
ysis of left ventricular strain pattern 
comparatively studied with ST-T 
change of left bundle branch block 
and (Nimura), 552 

Pressure, venous, and blood volume, effect of 
ganglionic blockade on: further evi- 
dence in favor of increased venomotor 
tone in congestive heart failure (Lewis, 
et al.), 897 

Pulmonary artery, anomalous left coronary 
artery arising from (Kuzman, et al.), 
36 

insufficiency, chronic, factors involved in 
digitalis sensitivity in (Baum, et al.), 
460 

stenosis with intact ventricular septum, use 
of amyl nitrite in differentiation of 
Fallot’s tetralogy and (Vogelpoel, et 
al.), 803 

vasculature, passivity of, in hypoxia (Rod- 
bard and Harasawa), 232 

Pulmonic stenosis, electrographic study of right 
ventricular hypertrophy in (Brusca, 
et al.), 134 

valvular regurgitation, congenital, 
(Lendrum and Shaffer), 298 

Pulsations, hepatic, coupled, in 

incompetence (new physical 

(Terry), 158 

disease (Takayashu’s 
(Misra, et al.), 177 


isolated 


tricuspid 
sign) 


Pulseless syndrome) 


Q 


QRS complex, simple device for measuring 
time intervals in electrocardiogram 
and for determining electrical axis of 
(Keuskamp), 389 

spread of activation and, of heart’s dia- 
phragmatic surface, their value in 
study of; diaphragmatic juxtacardiac 
leads (Barbato, et al.), 263 
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R 


Radioisotope in der Herzdiagnostik, 943 (B. 
Rev.) 

Recatheterization of right heart in ventricular 

septal defect (Downing), 669 

venoconstrictor response to strong 

autonomic stimulation (Ross, et al.), 

418 

a valvular, pulmonic, congenital, 
isolated (Lendrum and Shaffer), 298 

Resection of coarctation, correction by; pos- 
tural hypotension following dorsal 
sympathectomy in coarctation of 
aorta (Evans, et al.), 926 

Respiration, handbook of, 477 (B. Rev.) 

paroxysmal auricular tachycardia related 

to phases of (Berry), 782 

Response, venoconstrictor, reflex, to strong 
autonomic stimulation (Ross, et al.), 
418 

Resuscitation, cardiac arrest and, 796 (B. Rev.) 

Retrograde P waves, contour of (Bix and 
Marriott), 427 

Rheumatic heart disease associated with atrial 

septal defect: clinical and pathologic 

study of 12 cases of Lutembacher’s 

syndrome (Espino-Vela), 185 

sinus, normal, and transient heart 
block, Adams-Stokes syndrome dur- 
ing. I. Effects of Isuprel on patients 


Reflex 


Rhythm, 


with Adams-Stokes syndrome during 
normal sinus rhythm and transient 
heart block (Schwartz and Schwartz), 
849 

Rhythms, 
tracings as aid in differentiation of 
(Jeffries), 904 


three-sound, kinetocardiographic 


S 


to heart, antemortem 
case report (Frohlich, 


metastatic, 
diagnosis of: 
et al.), 623 
Septal activation, importance of, in electro- 
genesis of unipolar morphologies in 
bundle branch block: experimental 
study with total extirpation of free 
ventricular wall of blocked ventricle 
(Medrano, et al.), 126 
defect, atrial, rheumatic heart disease as- 
sociated with: clinical and pathologic 
study of 12 cases of Lutembacher’s 
syndrome (Espino-Vela), 185 
ventricular, recatheterization of 
heart in (Downing), 669 
Septum, ventricular, intact, use of amyl nitrite 
in differentiation of Fallot’s tetralogy 
and pulmonary stenosis with (Vogel- 
poel, et al.), 803 
Serum cholesterol and lipid phosphorus in 
dogs on atherogenic regimen (Blake 
and Meng), 392 
enzymes, determinations of, in surgical pa- 
tients: value in diagnosis of compli- 
cating myocardial infarction (Weis- 
berg and Sampson), 240 


Sarcoma, 


right 


961 


Sinus mechanism, normal (Part I); clinical 
evaluation of new esophageal elec- 
trode, with particular reference to 
bipolar esophageal electrocardiogram 
(Copeland, et al.), 862 

results in, with new esophageal electrode 
(Copeland, et al.), 864 

rhythm, normal, and transient heart block, 

Adams-Stokes syndrome during. I. 

Effects of Isuprel on patients with 

Adams-Stokes syndrome during nor- 

mal sinus rhythm and transient heart 

block (Schwartz and Schwartz), 849 

Situs inversus, dextrocardia with transposition 
of cavities and (Portillo, et al.), 397 

Sodium chloride, focal application of hyper- 
tonic solutions of, on impulse forma- 
-_ in heart of dog (Scherf, et al.), 
383 

Sounds and murmurs, heart, direct recording 
of, from epicardial surface of exposed 
human heart (Magri, et al.), 449 

er graphic recording of (Geddes, et 

al.), 361 

vectorcardiogram of patients with 

ent neoplasms (Golden, et al.), 

51 

vectorcardiographic, electrocardiographic 
and, pattern associated with diffuse 
myocardial damage and ventricular 
aneurysm (Burch, et al.), 762 

Spherical dynamics of heart (myocardial ten- 
sion, Oxygen consumption, coronary 
blood flow and efficiency) (Rodbard, 
et al.), 348 

Splanchnic hemodynamics (II); effects of “dry”’ 
heat on circulation of man (Traks and 
Sancetta), 438 

Stenosis in deformable tube inhibited by outlet 
pressure (Rodbard and Harasawa), 
544 

infundibular, isolated (Blount, et al.)’ 684 

pulmonary, with intact ventricular septum, 
use of amyl nitrite in differentiation 
of Fallot’s tetralogy and (Vogelpoel, 
et al.), 803 

pulmonic, electrographic study of right ven- 
tricular hypertrophy in (Brusca, et 
al.), 134 

tricuspid, in association with right ventricu- 
lar hypertrophy and coexistence of 
right-sided endocardial fibroelastosis 
(Abdin and Abdin), 98 

Steroid therapy, flare-up of pericarditis compli- 
cating myocardial infarction after 
two years of (Dressler), 501 

Stimulation, autonomic, strong, reflex veno- 
constrictor response to (Ross, et al.), 
418 

S-T segment depression, 

metal, et al.), 538 

left ventricular, pattern, vectorcardi- 

ographic analysis of, comparatively 
studied with ST-T change of left 
bundle branch block and ventricular 
premature beat of right ventricular 
origin (Nimura), 552 


Spatial 


origin of (Prinz- 


Strain, 
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ST-T change of left bundle branch block and 
ventricular premature beat of right 
ventricular origin, vectorcardiographic 
analysis of left ventricular strain pat- 
tern comparatively studied with (Ni- 
mura), 552 
(Esidrix), effects of, in congestive 
heart failure and hypertension: clini- 
cal evaluation (Hejtmancik, et al.), 
490 
patients, determinations of serum 
enzymes in: value in diagnosis of 
complicating myocardial infarction 
(Weisberg and Sampson), 240 
procedures, effect of, on serum enzyme ac- 
tivities (Table I) (Weisberg and 
Sampson), 242 
Sympathectomy, dorsal, postural hypotension 
following, in coarctation of aorta: 
correction by resection of coarctation 
(Evans, et al.), 926 
Syncope, vasodepressor (Weissler and Warren), 
786 
Systolic clicks, clinical and graphic charac- 
: teristics of (Minhas and Gasul), 50 
phonocardiographic, and hemodynamic 
evaluation (Minhas and Gasul), 49 
early (Minhas and Gasul), 51 
mid and late (Minhas and Gasul), 54 
I-J acceleration-force values of 51 normal 
male subjects from ultralow-frequency 
pendulum ballistocardiographic sys- 
tem (Hollis), 730 
stroke acceleration-force values of 49 male 
subjects from roller ball-bearing bal- 
listocardiographic bed, observations 
on (Hollis), 738 


Su-5879 


Surgical 


T 
T loop in left bundle branch block (Nimura), 
562 
of left ventricular strain pattern (Nimura), 
553 
of ventricular beat (Nimura), 566 
Tachycardia and fibrillation, ventricular, trans- 
membrane electrical potentials in 
(Hogancamp, et al.), 214 
auricular, paroxysmal, related to phases of 
respiration (Berry), 782 
ventricular, paroxysmal: clinical and elec- 
trocardiographic study (Herrmann, 
et al.), 166 
recurrent, as chief manifestation of myo- 
carditis of unknown etiology (Herman, 
et al.), 829 
Tachycardias with aberrant ventricular con- 
duction, esophageal lead in diagnosis 
of (Rubin, et al.), 19 
Time intervals in electrocardiogram, simple 
device for measuring, and for de- 
termining electrical axis of QRS com- 
plex (Keuskamp), 389 


SUBJECT INDEX 


Tissue, elastic, of aortic media, configuration 


of, in aortic coarctation (Heath and 
Edwards), 29 

Tracings, kinetocardiographic, as aid in dif- 
ferentiation of three-sound rhythms 
(Jeffries), 904 

Transbronchial technique, modified, combined 
catheterization of heart utilizing, 
percutaneous left ventricular punc- 
ture, and venous and arterial cathe- 
terization (Davila, et al.), 514 

Transposition, corrected, of great vessels, 
embryologic explanation for:  ad- 
ditional description of main anatomic 
features of this malformation and its 
varieties (de la Cruz, et al.), 104 

of cavities and situs inversus, dextrocardia 

with (Portillo, et al.), 397 

Tricuspid incompetence, coupled hepatic pulsa- 
tions in (new physical sign) (Terry), 
158 

stenosis in association with right ventricular 

hypertrophy and coexistence of right- 
sided endocardial fibroelastosis (Ab- 
din and Abdin), 98 

Tropical weather, study of influence of, on 
output of volume, work, and power 
by right and left ventricles of man at 
rest in bed (Burch and Hyman), 247 

Tube, deformable, stenosis in, inhibited by 
outlet pressure (Rodbard and Hara- 
sawa), 544 
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blood pressure plus its complications 
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A new antihypertensive combination—Esidrix-Serpasil is a com- 
bination of EstipRIx™* (hydrochlorothiazide c1BA), an im- 
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plications exist: anxiety, tachycardia, congestive failure, pitting 
edema, edema of obesity, other edematous conditions. 


More effective than either drug alone—Investigators who have 

used the combination of hydrochlorothiazide and reserpine re- 
port that it is more satisfactory than either drug alone. 

(Adapted from Maronde!) 
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190F 182 
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150} 
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(diastolic) 
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110F 
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plus 90F 
Esidrix 70 


& (diastolic) 
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More effective than chlorothiazide-reserpine combinations— 
Many patients resistant to chlorothiazide-reserpine therapy 
have shown significant clinical response when Esidrix-Serpasil 
was started. The blood pressure of patient shown below was 
only slightly reduced on chlorothiazide and reserpine. When 
Esidrix was substituted for chlorothiazide, lower blood pres- 


sure levels were achieved. 
(Adapted from Greenstein*) 


mm, Hg 210 
190 
reserpine plus chlorothiazide 190F 
(2000 mg. daily) 
1704 170 
reserpine plus Esidrix 150} 2 
(150 mg. daily) 
130} 3 
110} 3 
90F 
70 


Dosage—Esidrix-Serpasil is administered orally in a dosage 
range of 1 to 4 tablets daily. Each tablet contains 25 mg. of 
Esidrix and 0.1 mg. of Serpasil. The total daily dose may be given 
after breakfast or in 2 or 3 divided doses. Dosage in every case 
should be individualized and adjusted to meet changing needs, 


Since the antihypertensive effect of Serpasil is not immediately 
apparent, the maximal reduction in blood pressure may not 
occur for 2 weeks. At this time the dosage of Esidrix-Serpasil 
should be adjusted to the amount necessary to obtain the de- 
sired blood pressure response. For maintenance, as little as 1 
tablet daily may be sufficient. 


In cases of more severe hypertension, dosage of Esidrix-Serpasil 
can be revised upward to 4 tablets daily. When necessary, more 
potent antihypertensive agents such as Apresoline, Ecolid or 
other ganglionic blockers may be added. As Esidrix-Serpasil 
potentiates the action of other antihypertensive drugs, such ad- 
ditions to the regimen should be gradual and effects carefully 
observed. When Esidrix-Serpasil is started in patients already 
receiving ganglionic blockers, such as Ecolid, dosage of the lat- 
ter should be immediately reduced by at least 50 per cent. 


Side effects and cautions—As when any diuretic agent is used, 
patients should be carefully observed for signs of fluid and elec- 
trolyte imbalance. Esidrix in therapeutic doses is generally well 
tolerated. Side effects, even from large doses, have been few. 
Since Esidrix greatly reduces the amount of Serpasil needed, 
the incidence of side effects sometimes encountered with Serpasil 
is diminished. 

Complete information on Esidrix-Serpasil available on request. 


Supplied—Esidrix-Serpasil Tablets, 25 mg./0.1 mg., each con- 
taining 25 mg. of Esidrix and 0.1 mg. of Serpasil ; bottles of 100. 


References—1, Maronde, R. F.: Clinical Report to cIBA. 
2. Greenstein, $.: Clinical Report to crBA. 


APRESOLINE® hydrochloride (hydralazine hydrochloride c1Ba) 
ECOLID® chloride (chlorisondamine chloride ciBa) 


Cerpasi 


(hydrochlorothiazic 
and reserpine C1B.\) 


Combination Tablets 


SUMMIT, N. 


June 
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3 
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“TRADE 


. protects eases 

against cardiac 
anginal tension 
attacks 
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1 
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d- 

ly 

dy 

d, 
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0. 


ARTRAX 


(PETN + ATARAX) 


Dosage: Begin with 1 to 2 yellow carTRAX “10” tab- Supplied: In bottles of 100. 
lets (10 mg. PETN plus 10 mg. ATARAX) 3 to 4 times References: 1. Fometh, | ee pry Med. 19:562 (June) 


daily. When indicated, this may be increased by 1956. 2. Russek, H. L.: Presented at the Symposium Ge the 
switching to pink CARTRAX “20” tablets (20 mg. PETN of Ce diovascular Problems of 


plus 10 mg. ATARAX). 


For convenience, write “CARTRAX 10” or “‘CARTRAX 20.” New York 17, N.Y. 


Division, Chas. Pfizer & Co., Inc. 
Science for the World's Well-Being 
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protects against pain 

by sustained 

coronary vasodilatation 

and control 

of complicating and 
triggering emotions 


reduces fear of attacks 
reduces severity of attacks 


reduces frequency of attacks. 
reduces dependence on nitroglycerin 
increases workload tolerance 


Supplied: Tablets, vials of 5O. Each tablet contains 200 mg. 
of meprobamate and 10 mg. of pentaerythritol tetranitrate. 


*Trademark 


¥ 
: 
Meprobamate and Pentaerythritol Tetranitrate, Wyeth 
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é 
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THE HEART DISEASE PATIENT 
NEEDS RELIEF FROM 
EMOTIONAL 

STRESS 


ANXIETY INTENSIFIES the physical ~—TRANQUILIZATION WITH MILTOWN 
disorder in heart disease. ““The prog- enhances recovery from acute cardi- 
nosis depends largely on the ability of | ac episodes and makes patients more 
the physician to control the anxiety amenable to necessary limitations of 


factor, as well as the somatic disease.’ activities. 


(Friedlander, H. S.: The role of ataraxics in car- (Waldman, S. and Pelner, L.: Management of 
diology. Am. J. Cardiol. 1:395, March 1958.) anxiety associated with heart disease. Am. Pract. 


& Digest Treat. 8:1075, July 1957.) 


meprobamate (Wallace) 


Available in 400 mg. scored and 200 mg. sugar- Miltown causes no adverse 


. Al jailabl MEPROSPAN* 
ee effects on heart rate, blood pres- 
(200 mg. meprobamate continuous release cap- : : 
sules). In combination with a nitrate, for an- sure, respiration or other 


gina pectoris: MILTRATE*—(Miltown 200 mg. autonomic functions. 
+ PETN 10 mg.). * TRADE-MARK CM-7726 


Qf WALLACE LABORATORIES, New Brunswick, N. J. 
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From basic research—basic progress 


A NEW MEASURE OF ACTIVITY 
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IN EDEMA: 


m shows greater oral effectiveness than any other 
class of diuretic agent 


m each 25 mg. HYDRODIURIL orally is equivalent 
to 1.6 cc. meralluride |1.M. 


= has been reported to be effective even in patients 
who do not respond satisfactorily to other diuretics 


= has prompt onset of action with diuretic effectiveness 
maintained even on prolonged daily administration 


m low toxicity—extremely well tolerated 


= Often achieves the benefits of a low salt diet 
without the unpleasant restriction 


indications: Hypertension, congestive heart failure of all degrees of sever- 


ity, premenstrual syndrome (edema), edema and toxemia of 
pregnancy, renal edema—nephrosis, nephritis; cirrhosis 
with ascites, drug-induced edema, and as adjunctive ther- 
apy in the management of obesity complicated by edema. 


In edema—one or two 50 mg. tablets of HYDRODIURIL 
once or twice a day. 

In hypertension—one or two 25 mg. tablets or one 50 
mg. tablet HYDRODIURIL once or twice a day. 


supplied: 25 mg. and 50 mg. scored tablets HYDRODIURIL (Hydro- 


chlorothiazide) in bottles of 100 and 1,000. 
*HYDRODIURIL and DIURIL are trademarks of Merck & Co., INC. 


Additional information on HYDRODIURIL is available to the 
physician on request. 


bibliography: 1. Esch, A. F., Wilson, |. M. and Freis, E. D.: 3,4-Dihydro- 


chlorothiazide: Clinical Evaluation of a New Saluretic Agent. 
Preliminary Report; M. Ann. District of Columbia 28:9, Jian.) 
1959. 2. Ford, R. V.: The Clinical Pharmacology of Hydro- 
chlorothiazide; Southern Med. J.52:40, Jan.) 1959. 3. Fuchs, 
M., Bodi, T., Irie, S. and Moyer, J. H.: Preliminary Evaluation 
of C‘HYDRODIURIL’); M. Rec. & Ann. 
51:872, (Dec.) 1958. 4. Moyer, J. H., Fuchs, M., Irie, S. and 
odi, T.: Some Observations on the Ayia | of Hydro- 
chlorothiazide; Am, J, Cardiol. 3:113, (Jan.) 1959. 
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HYDRODIURIL (HYDROCHLOROTHIAZIDE) 
highly-active derivative of chlorothiazide 
Xf « qualitatively similar to DIURIL® but at least 10 to 12 times more potent by weight 
a = oss of potassium is clinically insignificant in the great majority of af 
* patients on normal diets ya 


HYDROCHLOROTHIAZIDE 


IN HYPERTENSION: 


effective by itself in some patients—markedly 
potentiates other antihypertensive agents 


provides background therapy to improve and 
simplify the management of all grades of 
hypertension 


has been reported by some investigators to have 
a greater antihypertensive effect in some 
patients than chlorothiazide at equivalent dosage 


» does not lower blood pressure in normotensives 


reduces dosage requirements for other 
antihypertensive agents, often with concomitant 
reduction in their distressing side effects 


e smooths out blood pressure fluctuations 


precautions: It is important that the dosage be adjusted as frequently 
as the needs of the individual patient demand. When 
HYDRODIURIL is used with a ganglion blocking agent, it is 
mandatory to reduce the dose of the latter by at least 
50 per cent, immediately upon adding HYORODIURIL to 
the regimen. 

HYDRODIURIL has shown no adverse effects on renal 
function; for this reason it may be used with excellent 
results even in patients for whom the organomercurials 
are contraindicated because of renal damage. 


The excretion of potassium is much lower than that of 
sodium or chloride and, as is the case with DIURIL®, the 
loss of potassium is clinically qe in the great 
majority of patients on normal diets. If indicated, potassium 
loss may easily be replaced by including potassium- -rich 
foods in the diet (orange juice, bananas, etc.). 


MERCK SHARP & DOHME 
Division of Merck & Co., INC. Philadelphia 1, Pa. 
© 1959 Merck & Co., INC. 
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In angina pectoris 


Relax the grip 
of fear and pain 


with 


COROVAS 


TYMCAPS 


Feinblatt,* reporting on COROVAS’ disintegration pattern and 
therapeutic effect in the New England Journal of Medicine, states: 


0-3 hours — “During the first hour . . . no significant change 
in pain level . . . during the second hour most 
patients experienced a gradual diminution of 
pain. But at the end of the third hour all 
patients . . . had significantly less pain.” 

3-9 hours — “The blood level of (PETN) remained con- 
sistently high during this period . . . pain 
was substantially well controlled. Most of the 
patients had no pain... .” 


9-12 hours — “Blood levels continued steady . . . Pain was 
substantially reduced in all cases and in most 
cases was completely eliminated.” 

With your angina patients you will discover —as Feinblatt 
found — that COROVAS Tymcaps relax the grip of pain and 
fear ... all day and all night — day after day. 


Formula: Each continuous release COROVAS Tymcap contains: 
‘pentaerythritol tetranitrate (PETN) 30 mg. 


Dosage: 1 COROVAS Tymcap on arising — 1 COROVAS Tymcap before the 
evening meal, approximately 12 hours later. 


Supply: COROVAS Tymcaps — boxes of 60 and 120. 
*Feinblatt, T.M. and Ferguson, E.A.: New Eng. J. of Med. (Feb. 21) 1957. "Tame." 


AMFRE-GRANT, INC. Brooklyn 26, N. Y. AFG, 
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in atrial fibrillation 


suitable for conversion 


a “drug of choice 


is quinidine” 


QUINAGLUTE 
DURA-TAB S. M. 


the only oral Sustained Medication* quinidine gluconate, 5 gr. 


is a quinidine of choice’ 
in all CARDIAC ARRHYTHMIAS 


premature contractions, auricular tachycardia, flutter, fibrillation 


e b.i.d. dosage — each dose of Quinaglute 
Dura-Tab S.M. maintains uniform plasma 
levels up to 12 hours. 


@ no night dose needed. 


® quinidine gluconate is more soluble, better 
absorbed and tolerated than quinidine sulfate. 


Dosage: For conversion of auricular fibrillation to nor- 
mal sinus rhythm, in most cases, 2 Quinaglute Dura- 


Tab S.M. tablets 3 to 4 times a day, for 2 to 3 days. 
1. Smith, J. M.: Lederle Bull. 
Symposium Report, 1:1, 1958. For maintenance 1 to 2 tablets every 10 to 12 hours. 


2. Bellet, S., Finkelstein, D., and 
Gilmore, H.: A.M.A. Archives Supplied: Bottles of 30, 100 and 250. 
Internal Med. 100:750, 1957. 


*Patent Applied For samples, reprint and detailed literature. 


Now also available . . . INJECTABLE QUINAGLUTE® 10 cc. multi- 
ple dose vials, 0.08 Gm. Quinidine Gluconate per cc. 


WYNN PHARMACAL corporation 


PAGE 867 5119 West Stiles Street, Philadelphia 31, Pa. 
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Blood 
cholesterol regulation 
is worth while... 


Evidence strongly suggests that cholesterol is an 


important factor in atherogenesis... 


and investigators agree it’s desirable to lower or prevent 


*Amsterdam, B.: 

New York J. Med. 
58:2199-2212 (July 1) 1958, 
Panel Discussion on 
Proper Nutrition for the 
Older Age Group, J. Am. 
Geriatrics Soc. 6:787-802 
(Nov.) 1958. Leckert, J. T.; 
Donovan, C. B.; McHardy, 
G., and Cradic, H. E.: J. 
Louisiana M. Soc. 
110:260-266 (Aug.) 1958, 


elevated blood cholesterol levels ...* 


(ARMOUR CHOLESTEROL LOWERING FACTOR) 


Arcofac lowers elevated blood 
cholesterol levels .. . safely... 
effectively ...and need not 
impose radical dietary changes. 

Arcofac supplies linoleic acid, 
an essential polyunsaturated 
fatty acid that lowers high cho- 
lesterol levels. In addition, it 
provides vitamin B,;, deemed 
mecessary to convert linoleic 
acid into the primary essential 
fatty acid, arachidonic acid. 
Vitamin E, a powerful antioxi- 
dant, helps maintain the fatty 
acid in an unsaturated state. 


ARMOUR 


Each tablespoonful (15 ml.) of 

Arcofac contains: 

Essential fatty acidst. ..6.8 Gm. 
(measured as linoleic) with 2.5 
1.U. of Vitamin Eft 

Pyridoxine hydrochloride 
(Vitamin Bs)......... 1.0 mg. 

tSupplied by safflower oil which 
contains the highest concentra- 
tion of polyunsaturated fatty 
acids of any commercially avail- 
able vegetable oil. 

ttAdded as Mixed Tocopherols 

Concentrate, N. F. 


ARMOUR PHARMACEUTICAL COMPANY + A Leader in Biochemical Research + KANKAKEE, ILLINOIS 
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In Coronary 
Insufficiency. .. 


Your high-strung angina patient 


often expends a “100-yd. dash” 
worth of cardiac reserve 


through needless excitement. 


Miltrate 


Miltown® (meprobamate) + PETN 


Each tablet contains: 200 mg. Miltown and 
10 mg. pentaerythritol tetranitrate. 

Supplied: Bottles of 50 tablets. 

Usual dosage: 1 or 2 tablets q.i.d. before meals 
and at bedtime. Dosage should be individualized. 


ay WALLACE LABORATORIES + New Brunswick, N. J. 
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Curbs emotion 
as it boosts 
coronary 
blood supply 


CONTROL OF EMOTIONAL 
EXERTION with Miltrate 
leaves him more freedom 

for physical activity. 


IMPROVED CORONARY BLOOD 
SUPPLY with Miltrate 
increases his exercise tolerance. 


CML-9159-59 TRADE-MARK 
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‘CARDILATE’ 


SUBLINGUAL TABLETS 


R 


ANGINA PECTORIS 


“Nitroglycerin and erythrol tetranitrate when administered 
sublingually are among the most effective of all prophylactic 
agents available for the treatment of patients with angina pec- 
toris. The comparatively prolonged duration of action of ery- 
throl tetranitrate makes it especially valuable for clinical use.” 


Riseman, J. E. F., et al.: Circulation 17:22, 1958 


Sublingual administration obviates inactivation 


Most closely approximates nitroglycerin in fre- 
quency and degree of effectiveness. 


‘Cardilate’ brand Erythrol Tetranitrate 
Sublingual Tablets 15 mg., scored. 


7 


A of nitrites in gastrointestinal tract. 


Bra BURROUGHS WELLCOME & CO. (U.S.A.) INC. 
Tuckahoe, New York 
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Li when the response to other hypotensive agents is inadequate . . . 


adding ganglionic-blocking 


NVERSINE 


MECAMYLAMINE HCl 
often makes possible a lessening of cardiovascular-renal damage, 


! regression of the basic disease, and prolongation of life 


uniecessary delay must be avoided in establishing ganglion blockade in severe or malignant hypertension” 
Beem, J. R., and Moyer, J. H.: Geriatrics 13:378, June 1968. 


\ and further reduction of blood pressure is desirable . . . 


relieve high blood pressure and its manifestations 


INVERSINE 


MECAMYLAMINE HC! 


for moderate, severe, and malignant hypertension 


“When employed under carefully controlled con ns with adequate attention to 
proper regulation of dosage, mecamylamine [“ENVERSINE’] may be expected to 
reduce blood pressure effectively and to ameliorate various manifestations of hyper- 
tensive-cardiovascular disease. These include such symptoms as headache, dizziness, 
vertigo, hypertensive encephalopathy, cerebral or subarachnoid hemorrhage, retin- 
opathy, cardiac hypertrophy and, in some cases, cardiac decompensation.” 


A.M.A. Council on Drugs, New and Nonofficial Drugs: Philadelphia, J. B. Lippincott Co., 1958, p. 285 
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GREATLY IMPROVED GANGLIONIC BLOCKING AGENT 


‘INVERSINE’ 


of the orally effective blocking agents, only ‘INVERSINE’ is completely and 


uniformly absorbed 


because it is uniformly absorbed, ‘INVERSINE’ provides predictable, reproducible 
effects with minimal day-to-day fluctuations 


has a gradual onset of effect, reducing the likelihood of sudden drops in blood pressure 


effective in extremely low dosage (orally, 10 mg. ‘INVERSINE’ is approximately 
equivalent to 100 mg. pentolinium, 80 mg. chlorisondamine, 1000 mg. hexamethonium) 


has a long duration of action (6 to 12 hours or longer), permitting convenient 


dosage schedules 


development of tolerance is not as pronounced as with other ganglionic blocking drugs 


effective in many patients who do not respond to other ganglionic blocking drugs 


pretreatment with ‘Diuril’, or ‘Diuril’ and rauwolfia, enhances therapy with ‘Inversine’ 
“Pretreatment with chlorothiazide [‘DIURIL’] and rauwolfia reduces the dosage requirement, 
augments blood: pressure response, and moderates certain of the side effects of ganglion blocking agents. 
Although such basal therapy is advantageous, unnecessary delay must be avoided in establishing 
ganglion blockade in severe or malignant hypertension.” 

Beem, J. R., and Moyer, J. H.: Geriatrics 13:378, June 1958 


dosage-recommendations for new patients 


1. Initiate therapy with ‘DIURIL’ 

‘DIURIL’ is given in a dosage range of from 250 
mg. twice a day to 500 mg. three times a day, 
depending on severity of the hypertension. 


2. Add other agents 

Other drugs (rauwolfia, ‘INVERSINE’, hydrala- 
zine, etc.) are added as necessary and their dosage 
adjusted according to patient response. 


‘INVERSINE’ is given in the same manner whether 
used with other drugs or alone. Recommended 
initial dosage is 2.5 mg. twice a day, pref- 


erably after meals. May be increased by 2.5 mg. 
at intervals of no less than two days until desired 
response is obtained. In severe or urgent cases, the 
increments may have to be larger or more fre- 
quent, with the largest dose given preferably at 
noon or in the evening. ‘INVERSINE’ is extremely 
potent and should always be titrated according to 
the patient’s orthostatic blood pressure response. 


3. Adjust dosage of all medication 

The patient must be observed frequently and care- 
ful adjustment of all agents should be made to 
determine optimal maintenance dosage. 


Precautions: Side effects of ‘INVERSINE’ are essentially the same as those encountered 
with other ganglionic blocking agents. At the first sign of constipation, vigorous treat- 
ment must be initiated immediately since paralytic ileus may result if constipation is 
unchecked. Patients should be informed how to cope with postural hypotension should this 
occur. ‘INVERSINE’ is contraindicated in coronary insufficiency, organic pylorie stenosis 
and recent myocardial infarction. Additional information on ‘INVERSINE’ and ‘DIURIL’ 


is available on request. 


Supplied: ‘INVERSINE’, tablets of 2.5 and 10 mg. Bottles of 100. 
‘DIURIL’, tablets of 250 mg. and 500 mg. Bottles of 100 and 1000. 


MOO) MERCK SHARP & DOHME,;, pIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 


INVERSINE and DIURIL are trademarks of Merck & Co., Inc. 
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FASTER, MORE PRECISE ADJUSTMENT OF PROTHROMBIN LEVEL 


After recovery from a myocardial infarction, DANILONE — the “maximum security” anticoagu- 
lant—guards the patient against the inevitable! subsequent recurrence with less risk of hemor- 
rhage. Unlike dicumarol and related coumarin derivatives, DANILONE has a short latent and a 
short recovery period, and therefore, noncumulative action. Thus, the prothrombin level may 
be rapidly and accurately adjusted upward or downward by simple alteration of oral dosage. 
DANILONE may even be administered to many patients with shock, debilitation, hepatic, renal or 
gastrointestinal disease even though coumarin derivatives might be dangerous. The practical 
advantages of DANILONE are well documented. 


EARLY ONSET “...approximately twice as fast in reaching therapeutic levels as is 
dicumarol.”? 

FASTER DISSIPATION “...rapid return to a normal level in the event of undue 
prolongation of prothrombin time or hemorrhage.”* (After withdrawal of DANILONE, recovery 
is well advanced in 24 hours, complete in 40 hours — as opposed to 7 days for dicumarol). 
GREATER SAFETY “...can be administered with reasonable safety in the presence of 
many conditions which would contraindicate the use of dicumarol.””* 

The short latent period and rapid recovery allow the physician to obtain even more satis- 
factory control by dividing the daily dose into two twelve-hour intervals. 

“An advantage of a twelve-hour dosage schedule is that only half the daily dose may have 
been given when bleeding or excess prothrombin effect is discovered, allowing earlier adjust- 
ment of dosage or discontinuance.”* 

ECONOMICAL “...We have found phenindione inexpensive . . .” 

PREDICTABLE ‘“...and relatively easy to manage with a reasonably constant daily 
dosage.”* 

Samples and literature available on request. 

Supplied: In 50 mg. scored tablets, bottles of 100 and 1,000. 


1. Manchester, B.: Ann. Int. Med. 47:1202 (Dec.) 1957. 2. Harper, B. F. and Johnson, R.: J.M.A. Georgia 45:149 (April) 
1956. 3. Wood, J. L. et al.: J.AsM.A. 159:635 (Oct.) 1955. 4. Sise, H. et al.: Am. Heart J. 53:132 (Jan.) 1957. 


Ce. / Aince A794 Pharmaceutical and Research Laboratories, New York 3, N. Y. 
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More Security to 
Sisternary GY 


“SAFE AND 

EFFECTIVE 

MAINTENANCE 

THERAPY...HAD 

BEEN A 

PROBLEM AT 

OUR 

INSTITUTION 

UNTIL WE 

USED GITALIN [GITALIGIN]...”* 


GITALIGIN 0.5 mg. Tab- 
lets—bottles of 30 & 100. 
GITALIGIN Injection 

T Ampuls — 2.5 mg. in 5 cc. 
sterile, 1.V. solution. 
GITALIGIN Drops—30 cc. 
bottle with special 


calibrated dropper. 


WIDEST SAFETY MARGIN—Aver- 
age therapeutic dose is only 1 the 
toxic dose. 


FASTER RATE OF ELIMINATION 
THAN DIGITOXIN or digitalis 
leaf. 


THESE SIMPLE DOSAGE EQUIV- 
ALENTS MAKE IT EASY TO 
SWITCH YOUR PATIENT TO 
GITALIGIN —0.5 mg. of Gitaligin 
is approximately equivalent to 0.1 
Gm. digitalis leaf, 0.5 mg. digoxin 
or 0.1 mg. digitoxin. 


*Harris, R., and Del Giacco, R. R.: Am. 
Heart J. 52:300, 1956. 


Arteriosclerotic Heart Disease 


tWhite’s brand of amorphous gitalin. 
tBibliography available on request. 


LaonatoniEs, INC. 
KENILWORTH, N.J. 
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Consensus: 
The preferred antidote 
for anticoagulant-induced 
hypoprothrombinemia 
is “Mephyton’ (vitamin K,). 


M 


*...has a more prompt, more potent and more prolonged 
effect than the vitamin K analogues....Its 
reliability in treating undue hypoprothrombinemia 
from anticoagulant therapy is of particular 
importance. [Mephyton] can be depended on to 
reverse anticoagulant-induced hypoprothrombinemia 
to safe levels whether bleeding is only potential 
or actually has occurred." 

Council on Drugs: New and Nonofficial Drugs, 
Philadelphia, J. B. Lippincott Co., 1958, p. 620. 


“For correction of the anticoagulant effect of the 
coumarin compounds, vitamin Ki is much more 
effective than are the water-soluble preparations 
of menadione." 


Barker, N. W.: Fundamentals of anticoagulant 
therapy, Minn. Med. 41:252, April 1958. 


For coumarin overdosage, “Vitamin K,, given 
intravenously, in an oil emulsion will act as soon 
as two hours after injection. It is the treatment 
of choice in such conditions." 
Kupfer, H. G., and Kinne, D. R.: Anticoagulants, 
theoretical considerations and laboratory control, 
Virginia M. Monthly 85:230, May 1958. 


“...I would strongly urge the use of vitamin K,...if an 
antidote is necessary for the hypoprothrombinemia 
produced by the coumarin anticoagulants or 
the indandiones." 


Meyer, 0. 0.: Use of anticoagulants in the treatment of 
coronary artery disease, Postgrad. Med. 24:110, Aug. 1958. 


chemically identical with naturally-occurring vitamin K, 


Vitamin K, 


Dosage: Orally, to modify anticoagulant effects: 5 to 10 mg. initially; 15 to 25 mg. for more 
vigorous action. Intravenously, for anticoagulant-induced bleeding emergencies, 10 to 50 
mg.; may be repeated as indicated by prothrombin time response. (Some clinicians advise 
their patients to keep a supply of tablets on hand at all times; if gross bleeding occurs, 
the patients are instructed to take 10 mg. and phone the doctor.) 


Supplied: Tablets, 5 mg.; bottles of 100. Emulsion, each 1-cc. ampul contains 50 mg.; boxes of 6 ampuls. 
MEPHYTON is a trademark of Merck & Co., Inc. 


D) MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 
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of real value 
in acute anticoagulant therapy.” 


e rapid, therapeutic hypoprothrombinemia 
within 18-24 hours’® 

* on discontinuance of therapy prothrombin 
time returns to normal with exceptional 
rapidity“ 


e well tolerated 


acerocoumarol Geigy 


smooth-acting anticoagulant 
of intermediate rate of action 


prompt, therapeutic hypoprothrom- 
binemia within 36-48 houts>7 

e prolonged, stable effect evenly 
sustained with single, low, daily dose>7 

e ready reversal of action>® 

e well tolerated>*® 


(1) Mayer, G. A., and Connell, W. F.: Canad. M.A.J. 77:930 
(Nov. 15) 1957 

(2) Burke, G. E., and Wright, |. S.: Circulation 3:164, 1951 

(3) Vander Veer, J. B.; Funk, E. H., Jr.; Boyar, F. R., and 
Keller, E. A.: Am. J. Med. 14:694, 1953 

(4) Scorrone, Ll. A.; Beck, D. F., and Wright, |. S.: Circule 
tion 6:489, 1952 

(5) Ne E. C.. Moon, R. Y., and Vander Veer, J. B.: Circe 
lation 15:713, 1957 

(6) Rullo, F. R.; Bartels, C. C., and Evans, J. A.: JAMA 
168:743 (Oct. 11) 1958 

(7) Menéndez, C.; Almonte, J. C., and Ram C. N.: Ang 
ology 8:182, 1957 

(8) Mayer, G. A., and Connell, W. F.: Canad. M.A.J. 76:272 
Feb. 15) 1957 


Tromexan ethyl b umacetate Geigy). Scored table 
of 150 ma. and 3 mg 
Sintrom sxcenocoumarol Geigy). Double ed tablet f 
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INTRAVENOUS CONTRAST MEDIA 


FOR VIRTUALLY EVERY UROGRAPHIC 


AND ANGIOGRAPHIC NEED... 


Squibb Diatrizoate Methylglucamine 


RENOGRAFIN 76% 
for intravenous urography 
and angiography. Ampuls 
of 20 cc. and | cc. for 


sensitivity testing. Each cc. 


contains 760 mg. of dia- 
trizoate methylglucamine. 


RENOGRAFIN 60% 
for intravenous urography 
and angiography. Ampuls 
of 25 cc. and 1 cc. for 


sensitivity testing. Each cc. 


contains 600 mg. of dia- 
trizoate methylglucamine. 


RENOGRAFIN 30% 


for retrograde 
pyelography. Rubber- 
capped vials of 

50 cc. Each cc. contains 
299 mg. of diatrizoate 
methylglucamine. 


NEW 


Squibb Diatrizoate Methylglucamine and Neomycin Sulfate 


FOR RETROGRADE PYELOGRAPHY WITH 
ADDED ANTIBACTERIAL PROTECTION... 


Retrografin provides all the advantages of Renografin 30% and in addition, it contains 242% 
neomycin (as sulfate) for widely effective bactericidal action in cases of proved or 
suspected urinary tract infection. Supplied in 50 cc. vials. 


well tolerated systemically and locally . . . 
“In view of the low incidence of reactions, we prefer Renografin to other opaques tested.” 
DeCarlo, J., and Sod, L.M.: Clinical Report to the Squibb Institute for Medical Research, March, 1956. 


excellent visualization . . . 
“excellent opacification was obtained in a high percentage of the patients...” 
Dennis, J.M.: Clinical Report to the Squibb Institute for Medical Research, March, 1956. 


permits rapid completion of the urographic examination .. . 

“As little as 5 minutes after the end of the injection, we obtained constant and good 
visualization of the renal pelvis and calyces.” 3 

Babaiantz, L., and Wieser, C.: Praxis 44:454 (May 19) 1955. 


4) Squibb Quality — the Priceless Ingredient 
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MERCK SHARP & DOHME 


Division of Merck & Co., IN Philadelphia 1, Pa 


RATIONALE 


“It appears that there is now available in 
chlorothiazide a drug which is a specific 
antagonist to the abnormal sodium 
metabolism seen in the vast majority of 
hypertensive patients. The use of this agent 
[DIURIL] may stand the test of time as the 
most vital and specific weapon in the 
treatment of a relatively non-specific disease 
in which the only specific abnormality known 
is one of sodium metabolism. . . . 
Chlorothiazide now appears to be the drug of 
choice when initiating therapy in the 
average hypertensive patient.” 


Reinhardt, D. J.: 
Delaware State Med. J. 30:1, January 1958. 


RESULTS 


“We have presented a group of 48 patients 
previously treated with a variety of 


antihypertensive agents.” “Upon the addition 
of chlorothiazide to their regimens, there 
was realized an additional blood pressure 
lowering effect of 23 mm. systolic and 

11 mm. diastolic.” 


Bunn, W. H., Jr.: 
Ohio State Med. J. 54:1168, September 1958. 


MINIMAL SIDE EFFECTS 


“There is an extremely wide range between 
therapeutic and toxic dosage, and no 
significant side effects and no sensitivity to 
the drug as yet have been observed.” 

“ it seems desirable to add potassium 
chloride 4 Gm. per day .. . in cases of 
hypertension. .. .” 

Herrmann, G. R., Hejtmancik, M. R., Graham, R. N. 


and Marburger, R. C.: 
Texas State J. Med. 54:639, September 1958. 


dosage: one 250 mg. tablet DIURIL b.i.d. to one 
500 mg. tablet DIURIL t.i.d. 


supplied: 250 mg. and 500 mg. scored tablets DIURIL 
(Chlorothiazide) bottles of 100 and 1000. 


DIURIL js a trademark of Merck & Co., Inc. 
© 1959 Merck & Co., inc 

Trademarks outside the U.S.: 
CHLOTRIDE, CLOTRIDE, SALURIC, 
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2nd Edition of Ryan’s 


HEADACHE 
Diagnosis and Treatment 


Comprehensive Discussion of One of the Most 
Common Complaints of the Patient 


One of the few detailed works on the subject, the 2nd edition of Ryan’s 
HEADACHE, D1acnosis AND TREATMENT discusses all of the various types 
of headache and their modern day treatment. Valuable to every member 
of the medical profession, regardless of field, this comprehensive work 
covers etiology, symptomatology, diagnosis and the most effective treat- 
ment of each individual type of headache, common and rare. In the new 
2nd edition, Dr. Ryan lists many new preparations for treatment of 
headaches, discusses current thinking on histamine administration and 
the use of tranquilizer drugs, and clarifies thinking on Temporomandibular 
Joint Syndrome, and Facial Neuralgia. Compact, inexpensive and easy- 
to-read, this practical book skillfully guides you through each step from 
complaint through treatment including important history-taking, proper 
examination from various angles and viewpoints plus the radiological 
and laboratory procedures that may be required. Valuable in diagnosing 
and treating one of the most common complaints of the medical patient 
today, this handy, concise reference supplies a survey of current knowl- 
edge in this field. 

By ROBERT E. RYAN, B.S., M.D., M.S., (in Otolaryngology), F.A.C.S., 
Department of Otolaryngology, St. Louis University School of Medicine. 
1957, 2nd edition, 421 pages, 54%” x 8%”. Price, $6.75. 


The C. V. MOSBY Company 


3207 Washington Boulevard, St. Louis 3, Missouri 


Gentlemen: Please send me Ryan’s HEADACHE, DIAGNOSIS AND TREATMENT priced at $6.75. 
I understand that if I am not completely satisfied I can return the book within 10 days with 
no charge or obligation. If remittance is enclosed, publisher pays the mailing charges. 


(0 Payment enclosed (1 Charge my account 


American Heart Journal 


Mark and Mail This Coupon Today! 
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RAUTRAX 


a logical combination —Raudixin enhanced 
by an entirely new diuretic... Flumethiazide 
SQUIBB 


thus Squibb offers you greater latitude in solving the problem of 


HYPERTENSION 


> 


for the treatment of hypertension...withc 


Rautrax combines Raudixin with flumethiazide dosage of each ingredient effectively mail 
for control of all degrees of hypertension. Clini- _safe antihypertensive therapy. 

cians report it safely and rapidly eliminates 
excess extracellular sodium and water with- 
out potassium depletion.':?* Through this 
dependable diuretic action of flumethiazide, 
the clinical and subclinical edema—so often  ©@USing appreciable plasma electrolyte | 
associated with cardiovascular disease—is rapid- 

ly brought under control.?:*.45 Flumethiazide 

also potentiates the antihypertensive action of | inclusion of supplemental potassium - 
Raudixin. By this unique dual action, a lower _in Rautrax provides added protection af 


Diuresis without serum electrolyte imh 


Flumethiazide— the new, safe nonmercurial d 
—rapidly achieves its diuretic effect 
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RAUDIXIN 


SQUIBB STANDARDIZED 
WHOLE ROOT RAUWOLFIA SERPENTINA 


FLUMETHIAZIDE 
POTASSIUM CHLORIDE 


ar of significant potassium depletion *** 


ium and chloride depletion in the long- 


management of the hypertensive patient. 


um and water retention is rapidly relieved,’ 
once the fluid balance has been brought 
in normal limits, continued administration 
au‘rax does not appreciably alter the nor- 
serum electrolyte pattern. 

tre! of hypertension with less side effects 


dixin—a cornerstone on which to build a 


2 utic regimen for control of hypertension. 


RAUTRAX ... GREATER LATITUDE IN SOLVING THE 

PROBLEM OF HYPERTENSION 

& Prompt, safe antihypertensive effect — by the comple- 
mentary action of Raudixin and flumethiazide 

HLess potassium loss than with other nonmercurial 
diuretics! 

B No loss in effectiveness after continued administration 

@ No influence on blood urea nitrogen, blood count or 
other hematologic values5 

@ Fewer and less severe side effects®.7 

@ Less need for severe restriction in sodium intake 

8 Gout, purpura, or allergic reactions not reported 
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RAUDIXIN PLUS AN ENTIRELY NEW DIURETIC...FLUMETHIAZIDE 
A NATURAL COMPANION 
TO FAMOUS RAUDIXIN TO HELP SOLVE THE PROBLEM... 


HYPERTENSION 


Dosage: 2 to 6 tablets daily in divided doses initially; may 
be adjusted within range of 1 to 6 tablets daily in divided 
doses. Note: In hypertensive patients already on gangli- 
onic blocking agents, veratrum and/or hydralazine, the 
addition of Rautrax necessitates an immediate dosage re- 
duction of these agents by at least 50%. A similar reduction 
is also necessary when these ganglionic blocking agents 
are added to the Rautrax regimen. 

Supply: Capsule-shaped tablets each providing 50 mg. 
Raudixin, 400 mg. flumethiazide, and 400 mg. potassium 
chloride, bottles of 100. 


References: 1. Moyer, J.H., and others: Am. J. Cardiol., 3:113 
(Jan.) 1959. ¢ 2. Bodi, T., and others: To be published, Am. J. 
Cardiol., (April) 1959.¢ 3. Fuchs, M., and others: Monographs on 
Therapy, 4:43 (April) 1959. ¢ 4. Montero, A.C.; Rochelle, J.B., 
III, and Ford, R.V.: To be published. « 5. Rochelle, J.B., III: 
Montero, A.C., and Ford, R.V.: To be published. « 6. Montero, 
A.C.; Rochelle, J.B., III, and Ford, R.V.: To be published. » 
7. Doffermyer, L.R.; Byrd, C.W., and Lilly, W.H.: North Carolina 
M.J. 79:430 (Oct.) 1958. 


Literature available on request. 


Squibb Quality — the Priceless Ingredient 


RAUTRAX 
SQUIBB 
‘RAUDIXIN®’ AND ‘RAUTRAX’ ARE SQuise TR 


COMPREHENSIVE, 
THREE-LEVEL TREATMENT 
OF DEPRESSION 


AND ASSOCIATED ANXIETY 
AND PHYSICAL ‘TENSION 


RELIEVES DEPRESSION 
including symptoms such as crying, 
lethargy, loss of appetite, insomnia 


RELIEVES ASSOCIATED ANXIETY 
with no risk of drug-induced depression 


RELIEVES ASSOCIATED 
PHYSICAL TENSION 
by relaxing skeletal muscle 


hypothalamus 


2 


thalamus and 
limbic system 


spinal cord 


“Deprol 


benactyzine + meprobamate 


= confirmed efficacy 
= documented safety 
SUPPLIED: Bottles of 50 light-pink, scored tablets 


COMPOSITION: Each tablet contains 1 mg. benactyzine HCl 
and 400 mg. meprobamate 


(ify WALLACE LABORATORIES « New Brunswick, N. 7. 


CD-9290 


T rrave-manx 
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Quaker Oats and Mother’s 
Oats, the two brands of oat- 
meal offered by The Quaker 
Oats Company, are identical. 
Both brands are available in 
the Quick (cooks in one min- 
ute) and the Old-Fashioned 
varieties which are of equal 
nutrient value. 


The Boleyial Effectiveness 


The Quaker Oats @mpany 


atmeal Protein 


The pattern of essential amino acids in food protein is 
the criterion of quality by which biological effectiveness 
is measured. The efficient conversion of ingested protein 
to tissue protein depends on the concomitant presence of 
all needed amino acids in proper amounts and proportions 
at the site of biosynthesis. 


Oatmeal exceeds all other whole-grain cereals in the 
amount of protein it provides. The quality of its protein 
is good—the distribution pattern of essential amino acids 
of the protein afforded by the oatmeai-and-milk serving 
resembles remarkably closely the pattern required by man. 


Comparison of Pattern of Essential Amino Acids in Quaker Oats Breakfast 
Dish* with Pattern of Essential Amino Acids Required by Male Adults 
(Values on Basis of Tryptophan as Unity) 


| Trypto- | 
| phan | 


Isoleu- 
cine 


Leu- 
cine 


Methio- 
nine 


Threo- 
nine 


Phenyl- 
alanine 


Lysine Valine 


| 


Essential Amino Acids 
Pattern in Quaker Oats 
Breakfast Dish* (1) 


1.0 6.4 4.3 


Essential Amino Acids 
Pattern Required by 


2.0 | 3.2 | 44 144! 28 
Male Adults (2) 


*Prepared from 1 oz. Quaker Oatmeal (dry) and 4 fl. oz. whole milk. 
(1) Estimated from values in “‘Amino Acid Content of Foods", Home Economics Research 
Report No. 4, U.S. Dept. Agr., 1957, pp. 48, 58. 
(Quaker Oats protein = 16.7%) 
(2) Staff Report: ‘Rose Reports Human Amino Acid Requirements”, Chem. Eng. News 


27:1364 (1949). si 
Oatmeal is also noted for its significant content of B vita- 
mins and minerals important to physiologic needs. Its 
delicious taste and easy digestibility further qualify oat- 
meal as an ideal “habit food”’ for every day’s breakfast. 
et th 
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brings new dimensions 
to radiology of the heart 
and circulatory system 


and with far less 


radiation exposure 


— THE PICKER 
PARDIOLOGICAL 
K-RAY UNIT 


single comprehensive apparatus with which you can... 


‘ts fluoroscope on an 8" amplifier tube 

it- (The field is large enough to visualize the whole adult heart) 
st. monitor continuously on closed-circuit TV 


bet the story from your local (Simultaneously with any number of remote TV screens) 
cker representative or write 7 

ER X-RAY CORPORATION _ record an examination on 16mm cinefilm 

). Broadway, White Plains, N. Y. (At rates up to 60 frames-per-second) 


fluoroscope in the large on a non-amplified 12" x 12" 
fluoroscopic screen 
(By simply sliding the amplifier assembly out of the field) 


get a 10" x 12" radiograph anytime during the examination 
(Simply drop a loaded cassette into the well, expose, remove and go 
back to fluoroscopy) 
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if it has to do with RADIATION it has to do with PICKER 
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i because it “most closely approache 
‘ideal anticoagulant,” 

a COUMADIN has become 

q + widely accepted as the 

|| anticoagulant of choic 


LO 


5 10 


20 25 


Prothrombin levels over 26 days in patient treated with Cour 


DAYS OF TREATMENT 


(adapted from Baer, S., et al.: 


J.A.M.A. 167:704, 1958) 


C QOUMAD IN: L¥.orL 


SODIUM 


IN MYOCARDIAL INFARCTION AND OTHER THROMBOEMBOLIC DISORDERS 


® 
According to Link,’ discoverer of Dicumarol: 


“most of the drawbacks of Dicumarol have been over- 
come [with COUMADIN]...It is my firm belief that in 
time it will replace Dicumarol on the basis of its per- 
formance over a wide variety of conditions.. 


After more than five years’ clinical experience, it has 
been concluded: 


“In my opinion, Warfarin sodium [COUMADIN] is the 
best anticoagulant available today.’ 


COUMADIN CONSISTENTLY PROVIDES 


rapid and sustained effect with low dosage « high pre- 
dictability « ease of control for long periods « low 
incidence of “escape” + equal effectiveness by oral or 
parenteral routes « reduced need for frequent pro- 
thrombin time determinations after initial dosage 
adjustment « ready reversibility with vitamin K, 


TABLETS—for oral administration—2 mg. 
lavender, scored; 5 mg., peach, scored; 
10 mg., white, scored; 25 mg., red, scored. 


INJECTION — for parenteral administra 
tion—Single Injection Units, consisting of 
one vial, 75 mg., and one 3-cc. ampul Water 
for Injection. 


AVERAGE DOSE — initial, 50 mg. moi 
tenance, 5-10 mg. daily, as indicated by pro 
thrombin time determinations. 


CouMADIN (warfarin) Sodium — manufae- 
tured under license from the Wisconsil 
Alumni Research Foundation — developed 
for clinical use by Endo. 

References: 1. Baer, S., et al.: J.A.M.A. 167:704, 


1958. 2. Link, K. P.: Circulation 19:97, 195% 
3. Meyer, O. O.: Postgrad. Med. 24:110, 1958 


Complete Information and Reprints on Request 


ENDO LABORATORIES 
indo Richmond Hill 18, New York 
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restore normal sinus rhythm 


tit 


1. Premature ventricular contractions 
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2. Paroxysmal auricular tachy 


8. Paroxysmal ventricular tachycardia 


in arrhythmias 


pamoate 
* 


SPECIFIC ANTIARRHYTHMIC EFFECT 


Vistaril is effective in ventricular extrasystoles and paroxysmal 
tachycardias (both auricular and ventricular). 


plus 
PSYCHOTHERAPEUTIC POTENCY 


proven calming action indicated for arrhythmia patients. 
and 
THE OUTSTANDING SAFETY 


of Vistaril as compared to other antiarrhythmic drugs in general 
use has been noted by investigators. 

THE FOLLOWING DOSAGE REGIMEN IS RECOMMENDED 
(individualized by the physician for maximum effectiveness): 
PARENTERAL DOSAGE: 50-100 mg. (2-4 cc.) I.M. stat., and 
q. 4-6 h., p.r.n.; maintain with 25 mg. b.i.d. or t.i.d. In acute emergency, 
50-75 mg. (2-3 cc.) I.V. stat.; maintain with 25-50 mg. (1-2 cc.) I.V. 
q. 4-6 h., p.r.n. 

ORAL DOSAGE: Initially, 100 mg. daily in divided doses until ar- 
rhythmia disappears. For maintenance or prophylaxis, 50-75 mg. daily in 
divided doses. 

SUPPLY: Vistaril Capsules, 25 mg., 50 mg. and 100 mg. Vistaril 
Parenteral Solution, 10 cc. vials and 2 cc. Steraject® Cartridges. Each cc. 
contains 25 mg. (as the hydrochloride), 


Pfizer) Science for the world’s well-being 


References: 1. Burrell, Z. L., 
PFIZER LABORATORIES et al: Am. J. Cardiol, 1:624 


coer 7 (May) 1958. 2. Hutcheon, D. E., 
Division, Chas. Pfizer & Co., Inc. ge 
Brooklyn 6, N. Y. Therap., 118:451 (Dec.) 1956. 
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Record of patient with congestive failure, treated at a leading 
Philadelphia hospital. Photos used with permission of the patient. 


marked pitting edema 
cleared in 4 days 
with Esidrix 


Highest fluid yields, lowest blood-pressure levels yet 


achieved with oral diuretic-antihypertensive therapy. posace: Esidrix is administered 
orally in an average dose of 75 
Indicated in: to 100 mg. daily, with a range of 
, , 25 to 200 mg. A single dose may 
congestive heart failure edema of pregnancy be given in the morning or tablets 
x oe may be administered 2 or 3 times 
hypertension steroid-induced edema a day. 
hypertensive vascular disease nephrosis supp.iep: Tablets, 25 mg. (pink, 
3 scored); bottles of 100 and 1000. 
premenstrual edema nephritis Tablets, 50 mg. (yellow, scored); , 
| 
toxemia of pregnancy I B A SUMMIT, N. J. of 169. end 1088 2/2695mK 
e for the anxious hypertensive | 


Ser Dasil with or without tachycardia 


(reserpine CIBA) 1 
3. 
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L.S., 81-year-old patient with com- 
plaint of painless hematuria admitted 
to hospital on 3/3/59. Past history in- 
cluded congestive heart failure of 15 
years’ duration. Clinically significant 
symptoms: expiratory wheezes over 
entire chest; bilateral coarse rales of 
both bases; slight abdominal disten- 
tion (without evidence of ascites); pal- 
pable liver 2-3 fingerbreadths below 
rib cage; bilateral pitting edema (4+) 
of pretibial and ankle areas. Admis- 
sion diagnosis: hematuria of unknown 
origin; arteriosclerotic cardiovascular 
disease; poorly compensated heart 
failure; chronic pulmonary fibrosis 
with pulmonary insufficiency. 


Patient was put on regimen of bed 
rest, moderate salt restriction, digi- 
talis and pulmonary decongestants. 
When ankle edema, hepatic conges- 
tion and rales failed to clear by 3/6, 
Esidrix 50 mg. b.i.d. was ordered. By 
3/8 L.S. had lost 3 pounds. Rales de- 
creased; there was 1+ pitting edema 
of ankle area only. He felt more com- 
fortable, was able to enjoy reading 
newspapers and magazines in bed. 


Ambulatory on the 4th day of Esidrix 
therapy, L.S. visited his neighbors 
down the hall, played checkers with 
another patient. There was no evi- 
dence of ankle edema. By 3/11, pa- 
tient’s weight had dropped 2 more 
pounds and rales were gone. Patient 
tolerated cystoscopy and fulguration 
of a small bleeding polyp in his blad- 
der on 3/12 very well. On 3/14 he 
was discharged. 


Patient L.S. 

Date 3/4 3/5 3/7 3/8 3/9 3/10 3/11 3/12 3/13 
Urinary 

Output (ml.) 840 690 2140 1230 660 1220 1350 nn aa 
Weight (Ibs.) 139 136 -- 134 
Esidrix Dosage 

(mg./ day) 0 0 100 100 100 100 100 50 100 


(hydrochlorothiazide CIBA) 


# relieves edema in many patients refractory to other diuretics’ 


or chlorothiazide” 


often produces greater weight loss than parenteral mercurials 


provides a greater average reduction in blood pressure than chlorothiazide® 
is exceptionally safe... reduces the likelihood of electrolyte imbalance 


1. Brest, A. N., and Likoff, W.: Am. J. Cardiol. 3:144 (Feb.) 1959. 2. Clark, G. M.: Clinical report to CIBA. 


3. Dennis, E. W.: Clinical report to CIBA. 
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With Singoserp 


this patient’s blood pressure 
was controlled for the first 
time without side effects 


FROM THE FILES OF A PHILADELPHIA CARDIOLOGIST. 
PHOTOS USED WITH PERMISSION OF THE PATIENT. 


Tombstone salesman had known 
hypertension for 16 years; rejected 
by U.S. Army because of high blood 
pressure. Whole root rauwolfia low- 
ered pressure satisfactorily, but pa- 
tient could not tolerate side effects. 


Singoserp in a dosage of 0.5 mg. 
daily lowered his blood pressure to 
130/80, produced no side effects. 
Patient feels well, works well, speaks 
of marked improvement in outlook 
and function. 


History of this patient in chart form 
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Clinical findings in 900 patients 
show the 
selective antihypertensive action 


of Singoserp 


IN 7365 PATIENTS, BLOOD PRESSURE FELL AN AVERAGE OF 30.7 mm. Hg: 


e more than half of these patients suffered from moderate 
to severe hypertension 


e more than half of the cases involved hypertension of at 
least 6 years’ standing, with many histories of up to 20 
years’ duration 


THE SIDE-EFFECTS PROBLEM WAS MINIMIZED IN MOST PATIENTS: 
Chart shows gratifyingly low incidence of side effects in 233 
patients given Singoserp with no other antihypertensive 
medication 


Side Effect Per Cent 


Lethargy 29 
Headache 2.5 
Gastrointestinal upset 1.2 
Vertigo 0.8 
Nasal congestion 0.4 


Dosace: 
In new patients: Average initial dose, 1 to 2 tablets (1 to 2 mg.) daily. 


Some patients may require and will tolerate 3 or more tablets daily. Main- 
tenance dose will range from ¥2 to 3 tablets (0.5 to 3 mg.) daily. 


In patients taking other antihypertensive medication: Add 1 to 2 Singoserp 
tablets (1 to 2 mg.) daily. Dosage of other agents should be revised down- 
ward to a level affording maximal control of blood pressure and minimal 
side effects. 


(syrosingopine CIBA) 
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SER 


a major 
improvement 
in rauwolfia 


a major 
advance in 
antihypertensive 
therapy 
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Remember 
(reserpine cIBA) 
for the anxious 
hypertensive 
with or without 
tachycardia 
( B A 


| 
after a coronary 
improve blood supply 


provide prolonged vasodilatation 


Improved blood flow to the myocardium, after a coronary thrombosis, promotes 
development of essential collateral circulation, thereby helping to repair damage. 


Peritrate, 20 mg. q.i.d., safely increases coronary blood supply without appreciably 
changing blood pressure or pulse rate. Its routine use in management of the post- 
coronary patient will provide safe, effective vasodilatation and prevent anginal attacks 
often encountered in the convalescent period. 


Peritrate 20 mg. 


(Brand of pentaerythritol tetranitrate) 


| 


MORRIS PLAINS. N. J. 


sp 
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The efficacy of Rolicton (brand of amiso- 
metradine) in maintaining diuresis in the ede- 
matous patient has been established on an 
average dosage of one tablet b.i.d. Larger 
doses may be given as initial therapy and as 
maintenance therapy in edema difficult to 
control. Many patients will respond to one 
tablet daily. 

“The margin of safety and the diuretic index is 
certainly an improvement over the use of oral mer- 
curial diuretics.”! 


Avoiding “Peaks and Valleys” 


A highly desirable effect, and one which 
has been made possible with Rolicton, is the 
maintenance of continuous diuretic effective- 
ness day after day over an extended period, 
to avoid the up-and-down weight pattern 
typical of other edema-control methods. 


The glomerulus is invested in the lam 
ina densa which is continuous with 
the basement membranes of the outer 


capsular epithelium. 


Illustration by Hans Elias 


Rolicton’ Diuresis Maintains 
Continuous Edema Control 


“There was an obvious stabilization of weight 
in practically all of the patients under observation, 
and previous wide fluctuations in poundage disap- 
peared.”2 


Mercury-Sparing 

Typical of the Rolicton diuresis pattern is 
the ability of the drug to reduce and, in a 
large percentage of patients, to eliminate the 
need for mercurials parenterally. 

“... the drug represents a most useful addition 
to our armamentarium in the treatment of edema, 
not only because it can be given orally . . . but more 
so because it permits [us] to replace or to spare the 
. mercurials.”8 


G. D. Searle & Co., Chicago 80, Illinois. 
Research in the Service of Medicine. 


1. Asher, G.: Personal communication, June 23, 1956. 

2. Settel, E.: Rolicton® (Aminoisometradine), a New, Non- 
mercurial Diuretic, Postgrad. Med. 2/:186 (Feb.) 1957. 

3. Goldner, M. G.: Personal communication, June 29, 1956. 
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Sanborn achievement 
in electrocardiographs 


the completely new, 2-speed 
SANBORN Model 100 VISO-CARDIETTE 


Here is an electrocardiograph in which no detail has been overlooked 
to give you diagnostically accurate information ...the greatest 
possible operating convenience ...and modern, functional attractiveness. 
With thirty-five years of experience, this is the finest electrocardiograph 
Sanborn Company has ever produced. Priced at eight hundred fifty 
dollars, delivered continental U.S. A. 


SAN BOR 
MEDICAL DIVISION « 175 Wyman St., Waltham 54, Mass. 
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whenever 
digitalis 
is needed 


‘LANOXIN®. 


formerly known as Digoxin W. & Co.” 


B., and Levine. 


sn, Little, Brow? 


‘LANOXIN’ TABLETS ‘LANOXIN? INJECTION 
0.25 mg. scored (white ) > meg. 2 et IM. or I.V.) 


0.5 mg. scored (green 


ELIXIR PEDIATRIM 


0.05 mg. 


in ec. 


2) BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, N.Y. 


June, 1959 


“If one digitalis agent were 
to be recommended for its 

adaptability the mary and 

varied clinical contingencies: 

we believe Digoxin would be 

the drug of choice.” 

pie 
| 
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HELP US KEEP 
THE THINGS 
WORTH KEEPING 


Nobody has to tell this Marine 
the most important reason 
in the world for peace. 

He holds it in his arms. 


But in these troubled times 
keeping the peace is a tre- 
mendous job—everybody’s 
job. For peace costs money. 

Money for industrial and 
military strength to help keep 
the peace. Money for science 
and education to make peace 
lasting. And money saved by 
individuals—by people like 
you—to help keep our econ- 
omy healthy. 

Every U.S. Savings Bond 
you buy is a direct invest- 
ment in America’s Peace 
Power. It not only earns 
money for you. It earns peace. 
It helps us keep the things 
worth keeping. 

Are you buying as many 
as you might? 


HELP STRENGTHEN AMERICA'S PEACE POWER 


BUY U.S. SAVINGS BONDS 


The U.S. Government does not pay for this advertising. The Treasury Department thanks tA) 


The Advertising Council and this magazine for their patriotic donation. 
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Miltown relieves mental pressure which 
often aggravates symptoms of hyperten- 
sion and impairs effectiveness of anti- 
hypertensive therapy. 

Combined with specific therapy, 
Miltown provided greater over-all im- 
provement in hypertensive patients 
than antihypertensive therapy alone.1.? 
In 58 patients receiving combined ther- 
apy, over go% (including moderate 
and severe cases) benefited from relief 
of headache, nervousness, palpitations, 
insomnia, weakness and dizziness.!:* 

Miltown was found “a useful adjunct 
in the treatment of the psychogenic 
and neurogenic components of hyper- 
tension.’ 


CM-92046 


RELIEVES ANXIETY IN 
HYPERTENSIVE PATIENTS 


without producing depression 


iltown 


meprobamate (Wallace) 


™ does not cause depression 


m does not interfere with heart rate, 
blood pressure, respiration, G.I. func- 
tion or other autonomic mechanisms 


1. Nussbaum, H. E., Leff, W. A., Mattia, V. D., Jr. 
and Hillman, E.: Am. J. M. Sc. 234:150, Aug. 1957. 
2. Dunsmore, R. A., Dunsmore, L. D., Bickford, 
A. F. and Goldman, A.: Am. J. M. Sc. 233:280, 
March 1957. 3. Boyd, L. J., Huppert, V. F., Muli- 
nos, M. G. and Hammer, H.: Am. J. Cardiol. 3:229, 
Feb. 1959. 


SUPPLIED: 400 mg. scored and 200 mg. sugar- 
coated tablets in bottles of 50. Also available 
as MEpRosPAN* (Miltown continuous release 
capsules). #TRADE-MARK 


Literature and samples on request. 


wattace New Brunswick, N. J. 
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-DIUPRES- with DIUPRES 


plus other" fewer patient; 
require additic 


of other anti- 
hypertensive 
agents 


alone is adequate 
by itself 
for many 
hypertensives 


DIUPRES PROVIDES “BROAD-BASE”’ ANTIHYPERTENSIVE THERAPY 
... 18 effective by itself in a majority of patients with mild or moderate 
hypertension, and even in many with severe hypertension 


A 
| 


greatly improved 
and simplified management 


of 
hypertension 


D 


DIURIL, WITH RESERPINE 


the first “wide-range” antihypertensive—effective in mild, moderate, and severe hypertension 


more hypertensives can be better controlled with DIUPRES alone 
than with any other agent... with greater simplicity and 
convenience, and with decreased side effects 

can be used as total therapy or primary therapy, 

adding other drugs if necessary 

in patients now treated with other drugs, can be used as 
replacement or adjunctive therapy 

should other drugs need to be added, they can be given in much 
lower than usual dosage so that their side effects 

are often strikingly reduced 

organic changes of hypertension may be arrested and reversed... 
even anginal pain may be eliminated 

patient takes one tablet rather than two... 

dosage schedule is easy to follow 


economical 


DI UPRES-5 0) 0) 500 mg. DIURIL (chlorothiazide), DIUPRES-2 5 0 250 mg. DIURIL (chlorothiazide), 


0.125 mg. reserpine. 0.125 mg. reserpine. 


One tablet one to three times a day. One tablet one to four times a day, 


Oo) MERCK SHARP & DOHME, DIVISION OF MERCK & CO., INc., PHILADELPHIA 1, PA. 


AND (CHLOROTHIAZIDE) ARE TRADEMARKS OF MERCK CO., INC, 


PRES, 
tient: 
dditir 
anti- 
sive 
| 
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LIFE STORY 


The leading site of cancer today is the colon and rectum. In 1958, 58,000 
new cases were diagnosed. 

The present 5-year survival rate for these cancers is less than 30%. 
This figure could be greatly increased by closing the very wide gap between 
actual and possible survival rates. 

Earlier diagnosis is an immediate requirement. The American Cancer 
Society constantly stresses the importance of annual health checkups for 
all adults, and urges physicians to employ digital and proctoscopic exam- 
ination of the rectum and colon to find cancer in an early stage. 

With your assistance, doctor, in persuading patients to accept these 
uncomfortable, time-consuming procedures, the gap between actual and 
possible survival rates could be rapidly closed. 


AMERICAN CANCER SOCIETY %, 


Page 54 American Heart Journal 


al 


protects eases 

against cardiac 
anginal tension 
attacks 


ARTRAX 


(PETN + ATARAX) 


Dosage: Begin with 1 to 2 yellow carTrax “10” tab- Supplied: In bottles of 100. 

lets (10 mg. PETN plus 10 mg. ATARAX) 3 to 4 times 1. Mod. 19: 562 onthe 
daily. When indicated, this may be increased by ussek resen Symposium 
switching to pink caRTRAX “20” tablets (20 mg. PETN Manegement of Cov 1958, 
plus 10 mg. ATARAX). 


For convenience, write “CARTRAX 10” or “CARTRAX 20.” 


New York 17, N. Y. 
Division, Chas. Pfizer & Co., Inc. 
Science for the World’s Well-Being 


TRADEMARK 
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The First Complete Monograph 
on this Subject to be Published 


CARDIAC ARREST 
And RESUSCITATION 


By Hugh E. Stephenson, Jr., M.D., Professor 
and Chairman, Department of Surgery, Uni- 
versity of Missouri School of Medicine. 


Few emergencies are remembered as vividly as those of sudden 
cessation of cardiac output—an emergency experienced by al- 
most every surgeon and anesthetist. An adequate knowledge of 
the subject falls by necessity into the scope of nearly every 
physician—be he a surgeon, anesthesiologist, cardiologist, or a 
generalist. Stephenson’s CARDIAC ARREST AND RESUS- 
CITATION was written to stimulate thinking and further un- 
derstanding of the problem of cardiac arrest and resuscitation 
and particularly to acquaint physicians in all areas of medicine 
with the facts necessary to successfully resuscitate a human 
heart. The first complete monograph on the subject, this im- 
portant work sets forth in one comprehensive volume all the 
available data on the subject—historical, practical and research 
wise. The only comprehensive book on this subject available, 
this presentation represents information that may not be al- 
ready known by the average physician. Particularly worth- 
while data on Neurosurgical sequelae following cardic arrest is 
available here for the first time. A detailed account of “elec- 
tive” cardiac arrest adds to the value of this important work. 


Just Published—1958. 
378 pages, 634" X934”. Price $12.00. 


ee Uosty Company 


3207 Washington Boulevard Saint Louis, Missouri 


American Heart Journal 
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answer the call 


join and serve 


Changing Your 
Address? 


WHEN YOU MOVE, PLEASE— 


(1) Notify us to change your ad- 
dress—allow us six weeks to 
make the change. 


(2) Mention the name of this Jour- 
nal. (We publish twelve pe- 
riodicals. ) 


(3) Give us your old address. If 
possible, return the addressed 
portion of the envelope in which 
we sent your last copy. 


(4) Give us your new address—com- 
plete—including the Postal zone 
number. 


(5) Please print your mame and 
address. 


Thank You! 


Circulation Department, The C. V. Mosby 
Company, Publishers, 3207 Washington 
Blvd., St. Louis 3, Mo. 


D gitalts 


in its completeness 


equivalent to 
one USP Digitalis Unit 


Physiologically Standardized 
therefore always 
dependable... 


Davies, Rose & Co., Ltd. 
Boston, 18, Mass, 


June, 1959 


35 
Digitalis 
0.1 Gram i 
A Pederal 
DAVIES, ROSE & CO. 
a Each pill is 
Clinical samples sent to 
apn 
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MYOCARDI 
INFARCTIO 


INJECTION 


METARAMINOL 


provides combined pressor, myocardium- 
Stimulating effect with no tissue slough reported 


ARAMINE ‘‘Metaraminol combines strong pressor effect with 
myocardial-stimulating action .. 

ARAMINE can be administered for balanced pressor, myo- 
cardium-stimulating effect by any desired route—intravenous, 
intramuscular or subcutaneous—with no reported tissue slough 
and with minimal risk of causing arrythmias. Repeated injections 
of ARAMINE appear to elicit no tachyphylactic response. 

ARAMINE is always ready for immediate use—no dilution is re- 
quired. These advantages of ARAMINE make it equally valuable 
in shock accompanying anaphylaxis, brain damage, infectious 
disease, hemorrhage, surgery, trauma. 


Supplied: in 1-cc. ampuls and 10-cc. vials (10 mg. per cc.). 
ARAMINE is a trademark of Merck & Co., INC. 


ADDITIONAL information is available to physicians on request. Address Professional Service 
Department, West Point, Pa. 


1. Selzer, A. and Rytand, D.A.: COUNCIL ON DRUGS, Report to Council J.A.M.A. 168:762, 
(Oct. 11) 1958. 
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MERCK SHARP & DOHME 


Division of Merck & Co., INC. Philadelphia 1, Pa. 
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Integrated and COMPLETELY REVISED! 


6th Edition 


PRACTICE of MEDICINE 


Edited By 
JONATHAN CAMPBELL MEAKINS, 
C.B.E., M.D., LL.D. Sc. 


1956, 6th Edition 
1916 Pages - 634” x 934” 
318 Illus. - 4 in Color. 

Price, $16.00. 


ASSOCIATE EDITORS 


ALVAN L. BARACH, College of Physicians and 
Surgeons, Columbia University. 


JAMES W. CULBERTSON, College of Medicine, 
University of Iowa. 


CHARLES S. DAVIDSON, Harvard Medical 
School. 


CHARLES A. DOAN, Ohio State University Col- 
lege of Medicine. 


ERNEST CARROLL FAUST, Tulane University. 


ALLAN J. FLEMING, E. I. duPont de Nemours 
Company. 


R. H. FREYBERG, Cornell University Medical 
College. 


M. M. HOFFMAN, McGill University. 


DOROTHY M. HORSTMANN, Yale University 
School of Medicine. 


J. WILLIS HURST, Emory University School of 
Medicine. 


CHEVALIER L. JACKSON, Temple University 
School of Medicine. 


CHESTER S. KEEFER, Boston University School 
of Medicine. 


R. BRUCE LOGUE, Emory University School of 
Medicine. 


THOMAS E. MACHELLA, University of Pennsyl- 
vania, School of Medicine. 


G. KENNETH MALLORY, Boston University 
School of Medicine. 


SYDNEY G. MARGOLIN, University of Colorado 
School of Medicine. 


ARTHUR J. MERRILL, Emory University School 
of Medicine. 


HAMISH W. McINTOSH, University of British 
Columbia. 


ROBERT T. PARKER, University of Maryland 
School of Medicine. 


BRAM ROSE, McGill University. 
G. MILTON SHY, Georgetown University. 


BRUCE WEBSTER, Cornell University Medical 
School. 


LOUIS WEINSTEIN, Boston University School of 
Medicine. 


BRUCE K. WISEMAN, Ohio State University Col- 
lege of Medicine. 
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Except for the title there is very little similarity between 
this enlarged and expanded edition of “PRACTICE OF 
MEDICINE” and the five previous editions. Where the 
first five editions were almost entirely the work of Doctor 
Meakins, he has served only as Editor-in-Chief of this 
edition. Working under him were 24 Associate Editors— 
and they, in turn, had 87 contributors do most of the actual 
writing. As a result the book is entirely new and dif- 


ferent. 


Designed to assist the practitioner of medicine in solving 
the numerous puzzles and problems which he daily en- 
counters, this book is arranged according to diseases of 
the various systems and organs—a plan that lends itself 
to simplicity. It is eminently a clinical book with symp- 
toms being given particular prominence. The pathological 
basis of symptoms is everywhere stressed, and the bedside 
recognition and interpretation of clinical signs is described 
with a sustained interest and lucidity rarely found in tomes 
of this size. 


The major responsibility of this revision was placed in the 
hands of the 24 Associate Editors—each unto his own 
particular realm; each with a broad understanding of the 
unity of medicine as a whole; each realizing that the wide 
subject of man’s disabilities could not be viewed as made 
of segregated entities, but that there must be coordination 
of the anatomic, physiologic, emotional, and environmental 
whole. 


In each section where applicable, reference to the so-called 
psychosomatic patterns and psychologic aspects has been 
made, and there is, finally, a section on Psychosomatic 
Medicine, designed to knit the general concepts of this 
branch into an integrated whole. 


THE C. V. MOSBY COMPANY, 
3207 Washington Blvd., 
St. Louis 3, Missouri 


priced at $16.00. ....Attached is my check. ....Charge my 
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Gentlemen: Send me Meakins “PRACTICE OF MEDICINE,” | 
account. 
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lore IN A SINGLE TABLET 


for the Relief of the Anginal Patient 


toxulon 


Tablets Containing Pentaerythrito! Tetranitrate (PETN) 10 mg. and Rauwiloid* (Alserorylon) 0.5 mg 


Patients with angina pectoris need BOTH types of pro- 
tection afforded by Pentoxylon...prolonged coronary 
vasodilatation AND relief from anxiety. Fear of the next 
attack is replaced by pulse-slowing, calming action. 


Dosage: 1 to 2 tablets q.i.d. before meals and on retiring. 


Preserve Your Journals 


With This 
Jesse Youes 
Volume File 


Specially designed and produced for Tuer The Volume File is reasonably priced, in spite 
American Heart Journat, this file will keep of its costly appearance. It is sent postpaid, care- 
one volume, or six issues, clean, orderly and readily fully packed, for $2.50 each. Most subscribers 
accessible. Picture this distinctive, sturdy Vol- will find it more convenient and economical to 
ume File on your book shelf. Its rich green Kivar order 3 for $7.00 or 6 for $13.00. When ordering 
cover looks and feels like leather, and the 16-carat specify file for THz American Heart JOURNAL, 
gold leaf hot-embossed lettering makes it a fit Send check with order. Satisfaction guaranteed. 
companion for your finest bindings. Can be sent to U. S. and Possessions only. For 

prompt shipment, order direct from 


Jones & Hauck Gor Corfe. (Since 1843) 


FOURTH AND THOMPSON STREETS, PHILADELPHIA 22, PENN. 
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AMERICAN JOURNAL 
OF OBSTETRICS AND 
GYNECOLOGY 


AMERICAN HEART 
JOURNAL 


THE JOURNAL OF 
LABORATORY AND 
CLINICAL MEDICINE 


THE JOURNAL OF 
ALLERGY 


THE JOURNAL OF 
PEDIATRICS 


JOURNAL OF 
CHRONIC DISEASES 


THE JOURNAL OF 
THORACIC SURGERY 


SURGERY 


Published by 
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COMPREHENSIVE 
COVERAGE OF 


Official publication for thirty-one societies in obstetrics and 
gynecology. Indispensable to the physician who must have 
complete and authoritative coverage of these fields. 
Monthly, Domestic, $15.00; Canada & Pan-America, 
$16.00; Elsewhere, $17.50. 


An international publication for the study of all diseases of 
the entire circulatory system. Represents outstanding cardi- 
ology clinics everywhere. Since heart disease remains the 
leading cause of mortality and morbidity it merits your 
special study. Monthly, Domestic, $13.00; Canada & 
Pan-America, $13.50; Elsewhere, $14.50. 


Official publication for the Central Society for Clinical 
Research. Papers are devoted to basic problems in medicine. 
Their findings are broadly informative, having wide appli- 
cation in diagnosis and treatment. Monthly, Domestic, 
$13,00; Canada & Pan-America, $13.50; Elsewhere, 
$14.50. 


Official publication for the American Academy of Allergy. 
Every general practitioner, pediatrician, internist and der- 
matologist treats allergy as a matter of course. Yet the 
subject is so complex that special coverage of it is necessary 
if satisfactory results are to be uniformly obtained. 
Bi-monthly, Domestic, $10.00; Canada & Pan- 
America, $10.50; Elsewhere, $11.00. 


An independent pediatric journal, with the largest reader- 
ship throughout the world. Regular departments are: 
Medical Progress, Clinical Pathological Conference, Psy- 
chologic Aspects of Pediatrics, Comments on Current 
Literature, Editor’s Column, News & Notes, and Book 
Reviews. Monthly, Domestic, $12.00; Canada & Pan- 
America, $13.00; Elsewhere, $14.00. 


Devoted to the humane, adequate, and economically-sound 
management of all long-term illnesses of all age groups. Its 
scope embraces the medical, psychological and sociological 
aspects of all chronic disease. Edited for general practitioners, 
internists, public health physicians and institutional per- 
sonnel. Monthly, Domestic, $12.50; Canada & Pan- 
America, $13.00; Elsewhere, $14.00. 


Official publication for The American Association for Thoracic 
Surgery. Traffic accidents, common household mishaps or 
the discovery of neoplastic disease may unexpectedly require 
the general surgeon to enter the pleural cavity. Recent 
developments in technique, equipment and accessory supplies 
have made surgical relief possible for a large number of 
morbid conditions. This rapidly-developing field is covered 
authoritatively. Monthly, Everywhere, $20.00. 


Representative of every surgical school and clinic in the 
United States and Canada. Presents the papers of the 
Society of University Surgeons and of The Society for 
Vascular Surgery. Features include: Recent Advances in 
Surgery, Appraisal of Progress in Surgical Therapy, Re- 
appraisal, Editorials and Book Reviews. Monthly, Domes- 
tic, $15.00; Canada & Pan-America, $15.50; Else- 
where, $16.50. 


3207 Washington Bivd. 
St. Louis 3, Missouri 
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Please mention *‘American Heart Journal’’ when writing 
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RECOVERY RATE: OVER 90% . \ 


_.. in over 700 published cases 
of thromboembolic disease 


BRAND OF pHENINOION! 
it (2-Phenyi.1, 3 indandior* 


50 mg. 


CAUTION: Federat tow pro” 
ming without, pre’ 
Ser thelosed tor 
WALKER LABORATORIES. INS 
¥ 


MOUNT VEENON 


HEDULIN is the trademark for the Walker brand of phenindione. 50 mg. scored tablets for therapeutic use; 20 mg. scored 
tablets for prophylactic use. Bottles of 100 and 1,000. 1. Breneman, G. M., and Priest, E. McC.: Am. Heart J. 50:129 Guly) 1955. 
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more dependable absorption for more predictable results in 
HYPERTENSION 


Protalba-R contains protoveratrine A,* a single alkaloid of veratrum for 
more effective management of the hypertensive patient. 


Protoveratrine A reduces elevated blood pressure with more predictable 
results than ever before possible in oral veratrum therapy because of its 
crystalline purity and ready absorption from the intestinal tract. 


Combination of protoveratrine A with crystalline reserpine in Protalba-R 
permits blood pressure reduction with smaller and thus better tolerated 
doses than when either drug is used alone. 


protalba-R' 


tTrademark for Tablets Protoveratrine A, 0.2 mg. and Reserpine, 0.08 mg. *Patent Pending 


lr re PITMAN-MOORE COMPANY pivision of Allied Laboratories, Inc., Indianapolis 6, Indiana 
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PRECISE — 
CONTROL 


CRYSTODIGIN’ permits accurate dosage titration 


Since initial digitalization and maintenance dosage must be care- 
fully individualized, Crystodigin fulfills the important requirements 
of a preferred digitalis. Crystodigin is a crystalline-pure, uniformly 
potent single glycoside that is completely absorbed in the gastro- 
intestinal tract. With Crystodigin, the maximum therapeutic effect 
can be safely determined by dosage titration in increments as small 
as 0.025 mg. 

Available in scored tablets of 0.05 mg. (orange), 0.1 mg. (pink), 
0.15 mg. (yellow), and 0.2 mg. (white); and in 1-cc. and 10-cc. 
ampoules, 0.2 mg. per cc. 


Crystodigin® (crystalline digitoxin, Lilly) 


ELI LILLY AND COMPANY ¢ INDIANAPOLIS 6, INDIANA, U. S. A. 
970104 
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